> 


A. M. A. 


ARCHIVES OF 


Industrial Hygiene 


Occupational Medicine 


EDITORIAL BOARD 
PHILIP DRINKER, Chief Editor 
55 Shattuck Street, Boston 15 
CHRISTOPHER LEGGO, Crockett, Calif. 
ROBERT O'CONNOR, Boston 
FRANK PRINCI, Cincinnati 


OSCAR A, SANDER, Milwaukee 
H. H. SCHRENK, Pittsburgh 
CHARLES F. SHOOK, Toledo 
HERBERT FE. STOKINGER, Cincinnati 


JUNE 1954 
VOLUME 9 NUMBER 6 


Published Monthly by 


AMERICAN MEDICAL ASSOCIATION 


535 NORTH DEARBORN STREET e@ CHICAGO 10, ILLINOIS 


Entered as Second Class Matter Jan. 4, 1950, at the Postoffice at Chi- 
cago, Under the Act of March 3, 1879. Annual Subscription, $8.00 


TABLE OF CONTENTS FIRST PAGE | 


z 
and 
a 
‘ 

a 
} 
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Serrated ampuls. The constricted neck of Luminal Sodium powder 
ampuls is serrated for easy and clean opening. In making the file cut 
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1) Convenient cloth carrying pouch with instruction tag. 


Inflatable cuff, 3” wide, covered with dirt-resistant, 


easily cleaned, woven fabric. 


3) Cloth strap, 23’ long, for wrapping cuff ond itself 


around limb. 


under pressure. 
.S) Metal fastener of strap to cuff. 
6 Pressure release valve. 
.7) Body of instrument containing regulator mechanism. 


ROBBINS 


OURNIQUET 


ENTIRELY AUTOMATIC The cuff is wrapped around the 
leg or arm close to the wound and between the wound 
and the heart. A twist of the cartridge container releases 
the gas pressure, inflates the cuff and exerts a uniform 
Squeeze at the correct pressure to instantly stop the flow 
of blood. No probing for pressure points is necessary. 
A constant, uniform pressure is maintained until re- 
leased by depressing the off-on control button. 
UNIFORM, CONSTANT PRESSURE Variation in pressure 
caused by changes in altitude, temperature, or by flexing 
a muscle is controlled automatically by the mechanism. 
The mechanism similarly compensates for the bulk when 
the cuff is applied over clothing. The pressure is ade- 
quate to stop the flow of blood without injury to cell 
tissues if not maintained for too long a period of time. 
PUSH BUTTON CONTROL If there is a long interval be- 
tween application and professional care, the pressure 
may be released and reapplied by pressing and then re- 
leasing the off-on control button. 


Metal fastener with three teeth to hold strap in position 


Made by ROBBINS INSTRUMENT CORPORATION «© Attleboro, Mass. 
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Cartridge container. 
10) Standard CO2 gas cartridge. 


Pequbatedt 


COMPACT UNIT The cuff is permanently attached to the 
mechanism; the only removable parts are the gas cartridge 
and cartridge cover. Weighing only 15 ounces, the Rob- 
bins Tourniquet can be readily self-applied, is easy to 
carry and its light weight is no hardship to the injured 
person even in walking. 


YEARS OF SERVICE Robbins Tourniquets are built for 
a lifetime of service in any temperature or altitude. Only 
the gas cartridges need be replaced. The cartridges de- 


liver approximately 10 inflations on the leg, 15 inflations 
on the arm. 


FIELDS OF USE Industrial dispensaries, public utilities, 
construction, mining, logging, first-aid rooms and in- 
firmaries, hospital out-patient departments, ambulances, 
fire apparatus, police cars, trainer clinics, transportation 
facilities, and all branches of the armed services. 
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“Symptoms, including fever, 


largely cleared up 


~ 


within 24 to 


48 hours.” 


English, A. R., et al.: 
Antibiotics Annual (1953-1954), 
New York, Medical 
Encyclopedia, Inc., 1953, p. 70. 
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hydrochloride 
Brand of tetracycline hydrochloride 


a new Simple, dramatic proof 
broad-spectrum of the effectiveness of Tetracyn 
antibiotic is offered by the characteristic 
of unexcelled rapid defervescence noted in 

tolerance the treatment of a wide range 
of susceptible infectious diseases. 
Think of Tetracyn whenever 
you take a temperature for 
an AIH response in 
Tetracyn-sensitive infections. 


TETRACYN TABLETS 
(sugar coated) 250 mg., 100 mg., 50 mg. 


BASIC PHARMACEUTICALS FOR NEEDS BASIC TO MEDICINE 
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Editorials 


EXPERIMENTAL LUNG CANCER 


REAT caution must be exercised in assigning a causative relation between 

inhaled materials and lung cancer in human beings. In considering the cause 
of lung cancer and in experimental studies of lung cancer, one naturally examines 
critically those materials which get into the lungs and which may have a local effect 
on lung tissue. Thus, various industrial dusts and fumes, tobacco smoke, and exhaust 
gases from heavy automotive traffic have been suggested as possible factors in lung 
cancer. These materials have been tested chiefly on the skin of mice. However, the 
mere demonstration of materials in the air which are known to be carcinogenic to 
mouse skin is not proof that they can cause human lung cancer. [Experimental car- 
cinogenesis has taught that different species react differently to the same material 
(i. e., the mouse skin is very receptive to methylcholanthrene but the rat and guinea 
pig skins are very insensitive) and different tissues of the same species have widely 
varying sensitivity to the same material (i.e., the rat skin is unresponsive to car- 
cinogens but the rat subcutaneous tissues are so reactive that they respond with 
sarcoma production even to glucose ). 

Human epidemiological data give the only really sound way of associating human 
cancer with an environmental exposure. In the collection of such data, a sufficiently 
large sample must be obtained to permit statistical analysis and valid conclusions. 
Even so, causal relationships must be further validated by continuing epidemiological 
methods, supplemented by animal experimentation. It is neither valid to conclude 
that animal experimentation provides definitive answers to the human cancer problem 
nor valid to conclude that it offers nothing to an understanding of the human cancer 
problem. Intelligent use of data obtained with animals should be coupled with intelli- 
gent application of the information learned from human epidemiological data, im 
order to understand the further research effort needed and the practical control 
methods indicated. 

Skin carcinogenesis in the mouse has been used, and effectively, as a guide to the 

. control of potential occupational skin carcinogens in man. The whole field of experi- 
mental skin carcinogenesis arose out of the epidemiological studies of occupational 
skin cancers in humans, begun some 35 to 50 years ago, and yet today a complete 

‘ understanding of the mechanism of human skin carcinogenesis has by no means been 
realized. For instance, the relative importance of carcinogens and co-carcinogens in 
skin carcinogenesis is still being intensively investigated. 

The mechanism of lung carcinogenesis in the mouse has not vet been worked out, 
let alone this mechanism in the human. We are today in about the same stage of 
understanding lung carcinogenesis as we were in skin carcinogenesis in 1900, prior 
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to the artificial production of skin tumors in experimental animals. A study of 
occupational lung cancers suggests that a completely different set of mechanisms 
may be at work. Thus, chromium and nickel under some conditions, asbestos, and 
an as yet unidentified factor in isopropyl alcohol manufacture are today most suspect 
as human pulmonary carcinogens. The only experimental lung cancers produced by 
inhalation have been in response to beryllium and radioactive metals. 

It therefore seems highly dangerous to draw conclusions about human lung 
cancer from experimental evidence based on the presence of mouse skin carcinogens. 
Rather would it be wiser to display temperance in the interpretation of present day 


data until we have developed a much greater fund of knowledge concerning the 


mechanisms of lung carcinogenesis. Rosser E. Eckanst 


Drinker 


2 


(Courtesy of the Saturday Review and of the artist, Robert Kraus.) 
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WORKMEN’S COMPENSATION UNDER THE FEDERAL LAWS 


MARJORIE W. GRIGSBY 
CHICAGO 


INTRODUCTION 


HE ORIGINAL Federal Workmen’s Compensation Act was passed by Con- 
gress in 1908 and provided limited benefits for certain Federal employees 
engaged in hazardous work. 

By the Act of Sept. 7, 1916, known as the Federal Employees’ Compensation 
Act, the United States Employees’ Compensation Commission was created and 
charged with the duty of administering workmen's compensation benefits for 
employees in certain employments within Federal jurisdiction. ‘The Commission 
was an independent agency of the Federal Government, composed of three members 
appointed by the President by and with the advice and consent of the Senate. Not 
more than two members of the Commission could be members of the same political 
party, and the term of office was six years. 

On July 16, 1946, the Commission was abolished and its functions transferred 
to the Federal Security Administrator under Section 3 of Reorganization Plan 
No, 2. The Administrator established a Bureau of Employees’ Compensation under 
the supervision of a Director and delegated to him all the duties, powers, and func- 
tions of the former Commission, with certain exceptions dealing with budgetary 
and legislative matters. 

On May 24, 1950, under Section 1 of Reorganization Plan No. 19, the Bureau 
was transferred, together with its functions, to the Department of Labor to be admin- 
istered under the direction and supervision of the Secretary of Labor. The Secretary 
of Labor directed that all functions, powers, and duties vested in him would be 
performed by and under the direction of the Director of the Bureau of Employees’ 
Compensation, except those functions relating to (1) personnel and budgetary 
management, (2) preparation and submission of annual and other reports to Con- 
gress, and (3) so much of the functions, duties, and powers authorized under cer- 
tain sections of the Longshoremen’s and Harbor Workers’ Compensation Act and 
the Federal Employees’ Compensation Act as relate to safety investigations, recom- 
mendations to employers, and the developing, supporting, and fostering of organized 
safety promotion. 

The functions of the present Bureau are therefore a continuation of those of the 
United States Employees’ Compensation Commission. 

During the past 40 years the scope of activity of this Federal agency has greatly 
increased. With the advent of the large employment program carried out under 
the Emergency Relief Acts during the period 1933 to 1941, it was necessary to 
provide for those injured or killed in the course of such employment. The Federal 
Employees’ Compensation Act was made applicable to such employment by pro- 
visions included in the Act of Feb. 15, 1934 (5 U.S. C. 796). 
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The Bureau was also charged with the administration of the Longshoremen’s 
and Harbor Workers’ Compensation Act, approved March 4, 1927 (33 U. S. C. 
901), which provided workmen’s compensation protection for employment in private 
enterprise subject to exclusive Federal jurisdiction. Os May 17, 1928 (45 Stat. 
600), the Longshoremen’s and Harbor Workers’ Compensation Act, with certain 
specified exemptions, was made applicable to private employment in the District 
of Columbia, thus making it the District of Columbia Workmen's Compensation 
Act also. 


Preparation for national defense early in 1941 and subsequent prosecution of 
the war effort involved large-scale employment of American citizens and nationals 
of other countries in civilian employments outside the United States. In order to 
provide protection for employees of contractors with the United States engaged 
in such work and to safeguard the interest of the Government by providing uniform 
insurance rates and policies for such protection, the Longshoremen’s and Harbor 
Workers’ Compensation Act, with certain modifications, was made applicable to 
such employment by the so-called Defense Bases Act, approved Aug. 16, 1941 (42 
U.S. C. 1651; 1701). 


The Act of Dec. 2, 1942, known as the War Risk Hazards Act, in addition to 
amending the Defense Bases Act, made workmen's compensation principles applica- 
ble to cases of injury resulting from war-risk hazards involving employees subject 
to the Defense Bases Act and also provided for the accrual of wages of such 
employees in case of detention by the enemy and the disbursement of part of such 
accruals to dependents of the missing persons. 

Thus it may be seen that Federal workmen’s compensation may be divided con- 
veniently into two separate categories administered by the Bureau of Employees’ 
Compensation. The first category refers to occupations carried on by civilian work- 
ers of the Federal Government, such as post-office employees and those who work 
for the Veterans’ Administration, National Military Establishment, Departments 
of the Treasury, Interior, Agriculture, and similar Government agencies. Under 
the Federal Employees’ Compensation Act, the Bureau provides medical, monetary, 
and other remedial relief from direct appropriations made by Congress, for all 
civil employees of the United States Government, including commissioned officers 
in the Public Health Service, enlisted reserves under certain conditions, persons 
performing activities of civilian employees but not paid therefor, and employees 
of the District of Columbia. 

The second group comprises private employment in the District of Columbia, 
certain employments of a maritime nature, and also construction work at outlying 
defense bases. Under the Longshoremen’s and Harbor Workers’ Compensation 
Act, the Bureau supervises operations to ensure that such medical, monetary, and 
other remedial relief to these employees is given promptly and in accordance with 
the law. The administrative costs of the Bureau are included in the appropriation 
made by Congress. All costs for medical, monetary, and other remedial relief are 
provided through the usual channels of workmen’s compensation insurance paid for 
by the employing concerns as in workmen's compensation under the several states. 

For the purposes of this study, any extensions of either the Federal Employees’ 
Compensation Act or the Longshoremen’s and Harbor Workers’ Compensation 
Act will be included under these terms, unless otherwise noted. 
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BUREAU OF EMPLOYEES’ COMPENSATION 


The Bureau of Employees’ Compensation is located in the United States Depart- 
ment of Labor, Washington, D. C. This agency is charged with the administration 
of the five laws, previously mentioned, under the supervision of.a Director appoitited 
by the Secretary of Labor. 
The principal function of the Bureau and its subordinate parts is the adjudica- 
tion of claims for workmen’s compensation. This function is quasijudicial in char- 
acter. In the administration of the several workmen's compensation laws within its 
jurisdiction, the Bureau has one general policy, which is to follow and adhere to 
‘ the principles of workmen’s compensation as stated in the opinions of the Supreme 

Court, the Federal Circuit Court of Appeals, the District Courts of the United 

States, and the judicial tribunals of the several states and territories, as they may 
‘ appropriately be applied in like situations arising under the laws administered by 
the Bureau. The Bureau applies the statute, applicable in respect to a particular 
case or situation, to the extent that the statute can be readily applied without 
extrinsic aid. Where extrinsic aid is necessary, the Bureau refers to the principles 
embodied in authoritative decisions of the courts within the workmen’s compensation 
branch of law. 

Certain statutes administered by the Bureau (relating to military and quasi- 
military establishments) contain as the fundamental prerequisite to compensation 
that injury or death shall have occurred in the “line of duty”—a phrase not having 
a counterpart in workmen's compensation statutes. The policy of the Bureau in 
respect to such phrase is to follow the principles and interpretations in respect 
thereto as may be applied by the particular service in which the disabled or deceased 
person served. 

The functions of the Bureau, under the direction and supervision of the Director, 
may be divided into three administrative categories : operational, claims, and medical. 

The Administrative Officer is in charge of the operational aspects of administra- 
tion. His duties include supervision of personnel, files, mail, disbursing, statis- 
tics, ete. 

Claims administration is supervised by Deputy Commissioners. (ne or more 
is assigned to the administration of the several laws. 

The Medical Director of the Bureau supervises the administration of medical 
aspects of the several laws. He is assisted by a clerical staff and six medical officers 
of the United States Public Health Service. The Medical Director and the six 
medical officers are assigned for duty with the Bureau by the United States Public 
Health Service and are not salaried employees of the Bureau. 


It is recognized that experience in the complicated field of workmen's compensa- 
tion is of paramount importance, and for this reason the personnel of the Bureau 
remains substantially the same despite changes of administration. Approximately 
375 persons are employed by the Bureau in Washington and the various compensa- 
tion districts throughout the United States and territories. 


The total appropriation made by Congress to the Bureau for administrative 
expenses covers the cost of administering the five laws. Since a number of employees 
in the Bureau have duties connected with the administration of the several laws, it 
is difficult to assess the proportion expended for the administration of any one law. 
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It should be noted in Table 1 that both columns listing “Net Expenditures” apply 
to only the cost of administering the Federal Employees’ Compensation Act. As 
may be seen by the breakdown of “Total Expenditures” in 1953, a large part of the 
balance was expended for the administration of the Longshoremen’s and Harbor 
Workers’ Compensation Act and the District of Columbia Workmen’s Compensation 
Act. The expenses of administering this latter Act are paid from funds provided for 
this purpose in the annual appropriation for the government of the District of 
Columbia and transferred to the Bureau for expenditure. 


FEDERAL EMPLOYEES’ COMPENSATION ACT 


The Federal Employees’ Compensation Act is administered by the Bureau of 
Employees’ Compensation under the supervision of a Deputy Commissioner. Until 
recently all claims under this law were processed in the Washington office of the 
Bureau. At the present time a small pilot operation is being conducted in San Fran- 


TABLE 1.—Appropriations and Expenditures for Fiscal Years 1944-1953 


Salaries and Expenses 
Net Expendi- 
Total tures, Federal 
Expenditures, Act, Including 
All Acts, Estimated Out- Compensation Benefits 
Including standing Lia- 
Total Appro- Estimated bilities at End = ‘Total Appro- Net 
priations Obligations of Fiseal Year priations Expenditures 
$1,695,650 $1,547,568 $ 660,945 $10,550,000 $10,495,629 
1,821,140 1,602 869 907,000 16,507 872 14,144,300 
1,731 864 1,652,738 939,000 23,281,297 16,507 ,934 
1,747,780 1,741,795 959,000 15,074,069 15,083,717 
1,500,700 1,460,530 743,268 13,550,000 13,672,125 
1,507 ,000 1,504,095 817,081 14,200,000 14,209,790 
1,958,200 1,908,298 1,045,836 23,670,770 23,370,109 
2,085,980 2,082,686 1,143,928 80,457,903 80,427,296 
2,305,316 2,286,724 1,315,086 36,167 ,968 36,233,944 
2,494 600 2,481,838" 1,410,760 41,500,000 41,355,917 
* Breakdown of total expenditures, 1953: 
$1,410,760—Net expenditures, Federal Act, including estimated outstanding liabilities 6/30/53 
565,541—Net expenditures, Longshoremen's Act, including estimated outstanding liabilities 6/30/53 
174,W1—Net expenditures, District of Columbia Act, including estimated outstanding liabilities 6/30/53 
106 ,963— Executive direction and management 
4,680-—Appeals to Board of Appeals 
San Francisco pilot operation 
97,794—War claims, salaries and administration 


$2,481,838—Total 


cisco to determine the value of decentralizing the administration of this law into 
compensation districts, as is done under the Longshoremen’s and Harbor Workers’ 
Compensation Act. 

The Federal Employees’ Compensation Act covers the following personnel: 
(1) civil officers and employees of all three branches of the United States Govern- 
ment; (2) employees of the government of the District of Columbia; (3) officers 
and enlisted personnel in the Reserve Corps of the armed services, including the 
Coast Guard, while on active duty or in training “in time of peace”; (4) commis- 
sioned personnel of the Public Health Service, and (5) those workers employed 
under various emergency relief acts. 


Cash benefits are paid for temporary total, permanent total, and permanent 
partial disability and for the death of an employee resulting from a personal injury 
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sustained while in the performance of his duty. No compensation is payable if the 
injury or death was caused by willful misconduct of the employee or by the 
employee’s intention to bring about injury or death of himself or another or if 
intoxication of the injured employee was the proximate cause of the injury or death. 


In addition to monetary benefits, the Act provides for full medical care and 
rehabilitation of the injured employee when required as well as burial expense in 
case of death. 

Claims for compensation for disability or death are processed by claims exam- 
iners in the Claims Division of the Bureau, whose duty is to apply the law to the 
facts reported, received, or obtained upon investigation, 

The Act requires determination of a claim, with findings of fact and an award 
for or against the payment of compensation, upon consideration of the claim pre- 
sented by the beneficiary and the reports furnished by the immediate superior and 
attending physician, and the completion of such investigation as the Bureau may 
deem necessary. 

Hearings are not provided for by the Act, nor is there any required procedure 
for the production of evidence. Evidence in written form is accepted. Employees 
are seldom represented by attorneys or others. However, the Deputy Commissioner 
does discuss cases informally on the phone or in his office with authorized repre- 
sentatives of the employee or the employee himself. The majority of cases are dis- 
posed of through correspondence. 

The final authority in the Bureau in the determination of a claim is vested in 
the Director or Acting Director of the Bureau. His final order is subject to review 
by the Employees’ Compensation Appeals Board on questions of fact and law. 

The Employees’ Compensation Appeals Board consists of three members 
appointed by the Secretary of Labor, one of whom shall be designated Chairman 
and Administrative Officer. The Board meets in Washington to consider appealed 
cases on the record or to hear oral arguments. A very small percentage of the 
awards of the Bureau are appealed to the Board. There is no appeal from a decision 
of the Board. 


A Federal employee who is injured at work has no right of action against the 
United States for the effects of his injury other than the right to receive the benefits 
provided by this Act. The Act is an exclusive remedy. The exclusive provision 
does not apply to a master or member of a crew of any vessel. Neither does it pre- 
vent the employee from electing to receive the benefits of the Civil Service Retire- 
ment Act if he so desires, but he cannot receive compensation benefits for disability 
and disability retirement annuity concurrently. However, when accidents occur for 
which a third party other than the United States appears legally liable, the Bureau 
initiates action to collect damages in the same manner as employers under state com- 
pensation laws. 


In accordance with a provision of the Act, the Bureau has compiled regulations 
governing administration of the Federal Employees Compensation Act. These 
regulations provide official interpretation and detailed instructions pertaining to 
certain sections of the law. Because this study is primarily concerned with medical 
relations, only these regulations will be discussed. 
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BASIC MEDICAL REGULATION 


The basic medical regulation concerning treatment, hospital services, transpor- 
tation, etc. is found in Section 2.1, as follows: 


(a) All medical services, appliances, drugs and supplies which in the opinion of the Bureau 
are necessary for the treatment of an injury as provided by Section 9 of said act (39 Stat. 743; 
5 U.S. C. 759), shall be furnished to employees of the United States and to others by law 
entitled to medical and other benefits, by or upon the order of United States medical officers and 
hospitals, when available and practicable, for injuries sustained while in the performance of 
duty, including, where not excluded by law, diseases proximately caused by the conditions of 
employment, whether resulting in loss of time or not, as well as necessary transportation inci- 
dent to the securing of such services, appliances, drugs and supplies. An injured employee will 
be furnished with the means of obtaining transportation, and shall be entitled to reimbursement 
for expenses incident to the securing of services, appliances, and supplies necessary in the treat- 
ment of a condition the result of injury, when authorized by the Bureau or by his official 
superior. If there should be no United States medical officer or hospital available, medical services 
shall be furnished by designated physicians listed in the Bureau's Form C. A. 76. If there should 
be no United States medical officer or hospital or designated physician available, such services 
shall be furnished by a duly qualified physician. Authorization for prolonged treatment from 
such a physician should be obtained from the Bureau. The attending physician may arrange for 
necessary hospital care at general ward rates, unless the nature of the case requires care in a 
private room, special nursing services (if indicated by the nature of the case), X-ray examina- 
tions, and consultation by specialists. In cases of an emergency nature or cases involving unusual 
circumstances the Bureau may in the exercise of its discretion authorize treatment otherwise 
than as provided for in this part, or it may approve payment for medical expenses incurred 
therwise than as authorized in this part. 

(b) The term “physician” as used in the regulations in this subchapter includes surgeons and 
osteopathic practitioners within the scope of their practice as defined by State law. The term 
“medical, surgical, and hospital services and supplies” as used in the regulations in this sub- 
chapter, includes services and supplies by osteopathic practitioners and hospitals within the scope 
of their practice as defined by State law. 


CHOICE OF PHYSICIAN 


As under the majority of state compensation laws and the Longshoremen’s and 
Harbor Workers’ Compensation Act, the choice of physician is vested in the 
employer. In this case the employer is the United States, and the duties of the 
Federal Government under this Act have been delegated to the Bureau of Employees’ 
Compensation, 

In the summary of basic features of the Federal Employees’ Compensation Act, 
addressed to supervisors of Federal employees, the Bureau states : 

If the injury was sustained at work, the employee is entitled to first-aid and full medical 
care for the effects of his injury, including hospitalization, without cost to him. He must use 
the Government medical facilities and designated private physiciens provided, and where they 
are not available, you should make other arrangements to see that he receives the care he 
requires. It is important that medical care be provided promptly. 


Many of the problems of administration under the Federal Employees’ Com- 
pensation Act are identical with those under state compensation acts. Among these 
problems is choice of physician. There have been sporadic attempts on both Federal 
and state levels to obtain free choice of physician by the injured employee in work- 
men’s compensation cases. 


In the early years of the Act, most injured employees were cared for by their 
personal physicians, because the Commission had not completed the necessary 
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arrangements to comply with the statutory provisions. In later years the majority 
of injured employees were cared for by medical officers of the United States, and 
hospitalization was furnished in Government facilities. With the growth in number 
of employees and locations of employment and the decrease in Public Health facil- 
ities (in 1921 there were 76 United States Public flealth Service hospitals and 118 
relief stations ), there has heen a steady decline in use of these facilities. The majority 
of cases are now treated by private physicians. According to recent information 
from the Public Health Service, the following facilities have been available in 1954 
for treatment of injured employees of the Federal Government in the United States: 


‘ Twelve general hospitals located at : 


Baltimore Galveston San Francisco 
Boston Memphis Savannah 

‘ Chicago New Orleans Seattle 
Detroit Norfolk Staten Island 


ne tuberculosis hospital located at Brooklyn. 


Two drug addiction and mental illness hospitals located at Galveston and Lex- 
ington, 


ne leprosarium located at Carville, La. 


Twenty-one outpatient clinics located at: 


Buffalo Los Angeles Portland, Me. 
Charleston Miami Portland, Ore. 
Cincinnati Mobile St. Louis 
Cleveland New York San Diego 

El Paso Philadelphia San Pedro 
Houston Pittsburgh Tampa 
Jacksonville Port Arthur Washington, D. C. 


Ninety outpatient offices located as follows: 


California, 1 Maine, 2 Ohio, 5 
Connecticut, 2 Maryland, 2 Oregon, 3 
Delaware, 2 Massachusetts, 5 Pennsylvania, 1 
Florida, 4 Michigan, 14 Rhode Island, 2 
Georgia, 1 Minnesota, 2 Tennessee, | 
Ilinois, 1 Mississippi, 4 Texas, 2 
Indiana, 2 New Jersey, 1 Virginia, 4 
Kentucky, 2 New York, 3 Washington, 7 


Louisiana, 1 


North Carolina, & Wisconsin, & 


Public Health Service outpatient offices are staffed by private-practice physi- 
cians paid on a part-time or fee-basis schedule. Since July 1, 1950, these offices 
have not been responsible for the care of Bureau of [Employees’ Compensation 
;. patients. At the present time, Public Health Service regulations specify that Bureau 
of Employees’ Compensation patients are to be treated as private patients and that 
the Bureau is to be billed by the physicians for services rendered. Vor this reason, 
discussion of this type of care has been excluded from this study, except where it 
may be included in medical cost statistics relating to private practitioners. 
Aside from those of the Public Health Service, other medical officers of the 
United States include those of the Armed Forces and the Veterans’ Administration. 
Form C. A. 76, referred to in the above regulation, is a booklet issued by the 
Bureau entitled “Medical Facilities Available to Employees of the United States 
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Government Injured in the Performance of Duty Under Federal Employees’ Com- 
pensation Act of September 7, 1916, as Amended. * Listed in this booklet are all 
the Public Health Service facilities available, as well as 2,445 designated medical 
practitioners in 1,082 locations throughout the United States. Originally this list 
was based on the old “postmasters list.” In the course of almost 40 years since 
the passage of the Act, the list has been completely revised, and few, if any, of the 
original names remain. 


It has been the announced policy of the Bureau since 1917 to designate, wherever 
possible, physicians who were general or orthopedic surgeons, preferably with some 
experience in industrial work. In the early years of the Bureau, other specialists, 
such as opthalmologists, were designated, but in recent years it has been the prac- 
tice of the Bureau to rely on the recommendations of the attending physician or 
surgeon when the need for specialists in other fields arose. 


Another factor in the designation of physicians by the Bureau is the need for 
private physicians in the area. With the fluctuations in employment and location, 
this need naturally varies. When additions to the list in a particular area are 
required, the Medical Director of the Bureau asks the employing agency or agencies 
in that area to submit a list of qualified physicians from which certain ones will be 
selected. It is not uncommon for the employees themselves to have a part in these 
recommendations. When the suggested list is completed, it is forwarded to the 
Bureau where the qualifications of the various physicians are checked. Those that 
are tentatively selected are then asked to execute an application for appointment, 
known as a personnel schedule, if they are interested. Upon receipt of the personnel 
schedule, thorough consideration is given to each appointment by the Medical 
Director in consultation with the Director of the Bureau, and those physicians 
are notified of their appointment. 

Generally speaking, the Bureau has had little difficulty in obtaining highly quali- 
fied men to render medical care to Federal employees. The Bureau has always 
received a large number of unsolicited applications for appointment. In the last 15 
years it is estimated that a majority of the appointments have been made as a result 
of direct solicitation by the physicians themselves. When an application for appoint- 
ment is not immediately accepted, the physician is notified that his application will 
be kept on file for future consideration. It may be that there is already a sufficient 
list of physicians available in the area, or the applicant may lack the professional 
qualifications necessary under the established policy of the Bureau. 


In some instances the designated physician may be the chief or on the staff of a 


clinic. In these cases, all his associates are automatically approved, although their 
names may not appear on the official list of the Bureau. 


Excessive charges by appointees are rarely the cause for removal from the list of 
designated physicians. Occasionally deletions are made because of failure by the 
physician to report promptly or completely to the Bureau and at required intervals 
to enable the Bureau to continue payment of compensation and to follow the progress 
of the case. The number of physicians on the list fluctuates constantly through 


* Copies of this and all other forms and booklets mentioned in this article may be obtained 
by writing the Bureau of Employees’ Compensation, United States Department of Labor, Wash- 
ington 25, D.C. 
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vacancies caused by change of residence, retirement, or death. As an example of 
these fluctuations, a review of changes in the 1952 list from early in that year to date 
discloses that 172 physicians have been added; 111 physicians have been deleted 
from the list through resignations, retirement, death, or change in location. Fourteen 
locations of designated physicians were cancelled, and 10 new locations were added. 


No records are kept in the Bureau as to the number of cases treated by desig- 
nated and nondesignated physicians. It is estimated that the majority of all cases 
are treated by designated physicians. It is not the policy of the Bureau, however, 
to require the employee to travel any extensive distance to obtain care from a medi- 

. cal officer of the United States or a designated physician. This policy is best 
expressed in the general instructions contained in the bulletin on medical facilities 
which states : 
Treatment at United States hospitals and outpatient clinics, as listed in this form, is manda- 
tory where practicable. Where such governmental medical facilities are not available, treatment 
should be secured from one of the designated physicians in the locality. Mere convenience or 
personal preference of the injured employee will not be considered sufficient explanation for 
the selection of private physicians in those localities where United States hospitals, United 
States medical officers and/or designated physicians are available. 


It is, however, obvious that many occasions must arise when circumstances 
necessitate the services of nondesignated facilities and physicians. In these cases, 
the Bureau asks the physicians to comply with the usual reporting requirements of 
the Bureau, and there must be a clear showing of the need for the medical care 


given. In recognition of this probability, the Bureau has formulated the following 
regulation : 


In all cases where emergency treatment is necessary, any duly qualified physician may render 
first aid treatment. 


Further treatment, if necessary, should be obtained as soon as practicable 
from a medical officer of the United States or from a designated physician where available. It 
shall be the duty of the official superior to authorize initial adequate medical treatment and 
thereafter to follow up the matter of such treatment to see that the employee is placed under 
the care of a medical officer of the United States or a designated physician, if practicable, for any 
treatment subsequently needed. If unable to comply promptly with this requirement, the official 
superior shall communicate immediately with the Bureau for instructions, giving full informa- 
tion not only as to the nature and cause of the injury, but as to any treatment that has been 
rendered in respect thereto. 


While the Bureau has the power to transfer an injured employee to a designated 
physician or Government facility in this or any other instance, it is not the practice 
of the Bureau to remove a patient from the care of a competent physician who is 
reasonably cooperative in the matter of reporting progress of the case to the Bureau. 
In all probability, many injured employees are treated by the nearest physician, 


regardless of his status with the Bureau with regard to appointment. There is no 

evidence to indicate that small medical bills for first aid or brief periods of treat- 

ment are not approved without question by the Bureau. In more serious cases, it 


is not uncommon for the nondesignated attending physician to call the Medical 
Director of the Bureau concerning proposed treatment and to be authorized to pro- 
vide continuing care. This does not mean that the Bureau hesitates to transfer an 
injured employee to another physician, if it does not consider the attending physician 
qualified by experience or training to properly care for the employee. These trans- 
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Taste 2.—Federal Employees’ Compensation Act 


Designated 


Physicians, P_H.S., 


Calif 
Colo 
Conn 
Del 
Fla 
Gia 
Idaho 


Minn 
Miss 


Mo. . 
Mont 


Tenn 
Texas 
Utah 
Vt 

Va 
Wash 
W. Va 
Wis 
Wyo 


Total Number of Injury Cases 


1119 
3,709 
26 
1.608 
3.000 
2,764 
2,238 
2738 
BOS 


10 
1,091 
317 


3,020 


1951 
1,129 
70s 
9,509 
1,350 
628 
5,643 
4 
1655 
371 
4017 
1,176 
214 
1,542 
3,198 
1,803 
BAS 
| 
1,425 
769 
234 
47 
2014 
12,435 
O74 
3,460 
1,446 
1,185 
4,429 
333 
433 
302 
1,807 


83,273 


1952 
1,596 
458 
10,787 
1,858 
47 
5,746 
1,554 
1516 
4,227 
1,440 
643 
1,387 
&21 
221 
1,857 
3,086 
1,857 
21 
10S 
alo 
229 
2,336 


401 


44,059 


1953 
1,608 
446 
9490 
1,645 
769 
1445 
1,740 
4.224 
1,605 
1,174 
1,021 
248 
1,709 


4.024 


1954 


Loe. 


17 
24 
11 


1,082 


Total number of claims fled by employees for cash compensation and or medical 


12,088 


19) 


13,160 


1951 
18,273 


1952 


18,312 


1953 


17,025 


~ 
Gen. 
Hosp. 


Clin. 


o. 
Off. 


bills were: 


State No, || || 
Ala 1,225 47 19 1 os 
Wav 637 31 12 ee 
138 65 1 3 1 
103 7 2 oe 2 
5,515 we os 1. ee 
1,125 1,116 “4 3 4 
1,206 1,178 44 1 1 e 
1,204 1,067 2 28 2 
lowa .. 632 a4 ve wa 
S71 23 7 1 as 1 
199 11 i 1 2 
1,618 20 12 1 2 
Muss 2,729 2,945 70 32 1 
ool 43 1” oe 4 
1,927 1,597 1,459 27 ° 
705 637 49 2 we ae ee 
Ney.:.... 143 210 292 10 4 
Iso Im 231 M4 6 es 
440 406 sil 10 $3 ae 
13,632 12,030 153 60 1 2 3 
Okla ; .. 1,841 1404 1,818 1,632 iy 21 
Ore 1,087 1,255 1,120 48 19 és 1 3 
Penn. ... 3,792 4,792 4,205 143 7s 2 
445 20 Ww 1 = 
Gade 30s B45 292 1s 7 ve ee oe 
1457 2,186 2,014 1s 1 1 
pipcweteposbeces 3,346 4,704 3.84 110 39 1 3 2 
240 2,697 2001 2,881 33 16 1 
2,291 2,201 2,744 2,622 42 18 1 7 
77 B25 8,271 2445 12 21 
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fers are never effected without prior discussion with the attending physician and 
are usually the outcome of mutual agreement between the Medical Director and the 
present physician. 

Table 2 provides an interesting summary of the number of injuries incurred by 
civilian employees of the Federal Government in each state over the five years from 
1949 to 1953, as well as the facilities for medical care provided by the Bureau at 


the present time in accordance with the statutory provisions of the Federal 
Employees’ Compensation Act. 


MEDICAL CARE 


Medical and surgical treatment is often a far greater benefit to the injured 
employee than is compensation for pay lost because of the injury. Although the 
majority of injuries reported do not result in disability or loss of time of eight hours 
or more beyond the day or shift of injury, the bestowing of the benefit of efficient 
treatment is frequently accompanied by greater difficulty and frequently requires a 
greater amount of administrative supervision than does the bestowing of the benefit 
of compensation for loss of pay. 


The vast majority of injuries are of a surgical nature. For this reason, experi- 
ence in general surgery has been the primary qualification sought in physicians 
selected to care for employees. By maintaining high standards in the selection of 
physicians, the Bureau has tried to assure the best quality of medical care. Once in 
charge of a case, the physician is given a free hand in the care of the employee, in 
determining the period of temporary total disability, and in the evaluation of per- 
manent disability, if any. Physicians are encouraged and expected to consult with 
other specialists when the need arises. It is usually found that the proper quantity 
of medical care is rendered because the men designated are competent. 


Official authorization for treatment is a very important aspect of medical care. 
The regulation is found in Section 2.2 and provides : 


(a) When an employee is injured under circumstances entitling him to compensation or 
medical treatment, his official superior shall issue promptly to him a request for treatment, which 
shall be authorization for treatment by a United States medical officer or hospital or by a 
designated physician. Form C, A. 16 has been provided by the Bureau for use in cases in which 
there is no doubt concerning the right of the employee to receive medical care. Form C. A. 17 
has been provided by the Bureau for use in cases in which there may be doubt whether the dis- 
ability of the employee is due to an injury coming within the purview of said act. 

(b) Authorization may be given for emergency treatment before the issuance of Form C. A. 
16: Provided, That this form is issued within 48 hours thereafter. 

(c) In every case in which Form C. A. 16 or Form C. A. 17 is used, a copy of such form 


shall be transmitted to the Bureau together with the reports required by Section 1.3 of this 
subchapter. 


(Reports of the employee's superior. ) 


In the great majority of cases, no problems of authorization arise. Because 
of the widespread activities of the Federal Government, the Bureau has adopted 
a liberal policy on the matter of authorization. While no rule of thumb can be 
given, if there is a clear showing of need for the medical care, the Bureau is not 
inclined to question bills for services, whether the care was rendered by designated 


physicians or not. Occasionally a physician will not be paid for his services on the 
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basis that he was not authorized to give the medical care. These cases have a 
tendency to assume undue importance in the local medical community. In addition 
to the possible loss of fees, some physicians appear to feel that lack of authorization 
or designation is a reflection on their professional competency. Physicians experi- 


enced in compensation practice understand that the employing agency or Bureau 
has a valid interest in the care of the injured employee. However, it is apparently 
difficult for some to determine the difference between interference and intervention 
by the party with a valid interest. The personal physicians of employees and physi- 
cians unfamiliar with compensation practice often mistake legitimate intervention 
by those with a valid interest for unwarranted interference by outsiders. 


(ne or more of the following factors are usually involved in any controversy 
concerning authorization for treatment : 


1. The employee may not have reported the accident to his superior, and therefore no author- 
ization for treatment may have been issued. 

2. The employee may not have divulged all the pertinent facts to either his superior or the 
physician, or both. For instance, he may be going to an authorized physician at the same 
time he is being treated by his own physician. 

. The physician may be unaware of the regulations of the Bureau regarding authorization; 
he may also be misinformed by the employee ; or, in the extreme case, he may have all the 
necessary information but refuse to recognize the authority of the Bureau. 


In the event that medical care is to be rendered by private physicians who have 
not been designated by the Bureau, the regulations state that “a written authoriza- 
tion for treatment in letter form should be issued rather than a Form C. A. 16 or 
C. A. 17. Such authorization should include all of the pertinent information con- 
tained on Form C. A. 16 or C. A. 17.” 


The regulation with regard to medical treatment in doubtful cases in Section 2.5 
provides : 


Cases of a doubtful nature, so far as compensability is concerned, should be referred by the 
official superior to a medical officer of the United States, a Government hospital, or a designated 
physician for treatment, using Form C. A. 17 for this purpose in lieu of Form C. A. 16. Where 
such form has been furnished, a statement of all pertinent facts relating to the particular case, 
together with a statement of the reason for such doubt, shall be forwarded immediately to the 
Bureau for consideration. Form C, A. 17 authorizes only necessary emergency treatment pending 
receipt of advice from the Bureau, and shall be used only in cases where prima facie there is a 
causal relation between the alleged disability and the employment, and shall not be used as 
authority for operations in hernia cases unless the hernia is strangulated or incarcerated. If the 
medical examination or other information received subsequent to the issuance of authorization 
for treatment discloses that the condition for which the treatment was rendered is not due to 
an injury, the person issuing the authorization shall immediately notify the physician or hospital 
that no further treatment shall be rendered for the account of the Bureau. In cases of an emer- 
gency nature or cases involving unusual circumstances, the Bureau may in the exercise of its dis- 
cretion authorize treatment otherwise than as provided for in this part, or it may approve pay- 
ment for medical expenses incurred otherwise than as authorized in this section. No authority 
for examination or for medical or other treatment should be given in any case already disallowed 
by the Bureau. 


As under state compensation acts, it appears that hernias are a major source 
of doubtful cases. Unlike many state acts, there is no particular provision with 
regard to hernias in the Federal Employees’ Compensation Act. A number of doubt- 
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ful cases are treated and compensated every year because of the difficulty in investi- 
gating some cases properly. The Bureau has been unsuccessful in obtaining suffi- 
cient appropriations to increase the size of the investigative staff, despite concrete 
proof that such additional employees would more than pay for themselves with the 
results of their investigations. Since all claims are examined on the basis of sub- 
mitted reports, the Bureau relies on experienced claims examiners and on the 
honest and complete reports of physicians. It is difficult to overemphasize the impor- 
tance of physicians’ reports in the efficient and fair administration of the law. 


Another regulation of interest in this study of medical care is contained in 
= Section 2.4 of the regulations, providing : 


If an injured employee complains of a recurrence of disability (whether or not he is disabled 

for work) after having recently been discharged from medical treatment, on account of an 

P injury recognized as compensable by the Bureau, under circumstances from which it may be 
reasonably inferred that such disability is the result of such injury, the official superior in his 

discretion may issue Form C. A. 16 for treatment by a medical officer of the United States or 

a Government hospital, or a designated physician provided that not more than 6 months shall 

have elapsed since the final action of the Bureau upon the case. In any other case in which the 

employee complains of a recurrence of disability with respect to which there may be doubt that 

the disability is the result of the injury or in any case in which the final action of the Bureau 

shall have been taken more than 6 months prior to complaint, the official supervisor should com- 

municate with the Bureau and request instructions, stating all of the pertinent facts in his com- 

munication. In all other cases the employee should communicate with the Bureau and request 
such treatment. 


As under state workmen’s compensation laws, employees occasionally complain 
of insufficient treatment by physicians. This regulation not only adequately pro- 
tects employees in such cases but is also a further delineation of the Bureau’s liberal 
medical policy. 

In the event an employee is in need of dental care as a result of an injury sus- 
tained while on duty, it is the policy of the Bureau to have the attending physician 
refer the employee to a qualified dentist. This is in accordance with the policy of 
the Bureau to have the attending physician refer an employee to other specialists 
outside the field of the attending physician. Individual dentists are not designated 
by the Bureau, and most of the dental care is rendered by private practitioners. 
Section 2.6 of the regulations provides : 


All necessary dental treatment, including repairs to fixed false teeth or to natural teeth, 
needed to repair damage done by an injury will be furnished by the Bureau. Such treatment 
shall be rendered by and upon the order of a United States dental officer or United States 
medical establishment, when available and practicable. If such facilities are not available, or 
treatment by such facilities is not practicable, no dental work should be authorized without 
obtaining in advance the approval of the Bureau. (For cases requiring emergency treatment 
see Section 2.2.) (For cases requiring artificial denture see Section 2.9.) 


In 1938, the Federal Employees’ Compensation Act was amended to include 
the services and supplies of osteopathic practitioners and hospitals within the scope 
of their practice as defined by state law. While osteopaths are not included in the 
list of physicians designated by the Bureau, all osteopaths are eligible to treat injured 
employees on the same basis as nondesignated physicians and surgeons and are 
subject to the statutory limitations of practice in the state in which they are licensed. 
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The Bureau relies upon the attending physician to prescribe the proper orthopedic 
and prosthetic devices when necessary. Section 2.9 of the Bureau’s regulations out- 
lines the proper procedure, as follows : 


When an orthopedic or prosthetic appliance such as an artificial eye or limb, is deemed to 
be necessary by the astending physician by reason of an injury which has been found by the 
Bureau to have occurred while in the performance ot duty, application therefore may be made 
to the Bureau, stating the necessity therefor, the approximate cost of such appliance, and a brief 
description thereof. Applications for repairs to such an appliance furnished by the Bureau will 
be made in the same manner. Where artificial denture is necessary in such cases, application 
therefor may similarly be made. 


MEDICAL REPORTS 


As has been pointed out, the Bureau relies very heavily on prompt and adequate 
reports from attending physicians and those appointed for the purpose of examining 
an injured employee. The payment of compensation to an injured worker also 
depends upon the physicians fulfilling their obligations promptly. The following 
instructions from Section 2.10 of the Board’s regulations outline in detail what a 
medical report should contain : 


Medical officers, designated physicians, other physicians and hospitals shall keep adequate 
records of all injury cases treated by them sufficient to supply the Board with a history of the 
employee's accident, the exact description, nature, location and extent of injury, the degree of 
disability arising therefrom, the X-ray-findings if X-ray examination has been made, the nature 
of the treatment rendered, and the degree of disability arising from the injury. A medical officer 
or such physician shall forward to the Bureau a full report with respect to each injury case 
treated by him under the provisions of the Compensation Act, which results in charge for treat- 
ment and supplies against the Bureau, or involves any loss of time beyond the day, shift, turn or 
working period during which it occurs. Form C. A. 20 has been provided by the Bureau for 
use in submitting the initial medical report. Form C. A. 78 has been provided by the Bureau for 
use in forwarding initial report of operation. In hernia cases, Form C. A. 32 similarly has been 
provided. These reports should be forwarded promptly to the Bureau. Detailed supplementary 
report in the form of a letter should be made by the medical officer or such physician in all cases 
of serious injury, especially injuries of the head and back, including cases requiring hospital 
treatment or prolonged care. The supplementary report should show the date when the case 


was first examined or treated, the patient’s complaint, the condition found on examination, the 
diagnosis, medical opinion as to any relationship between the disability and the injury alleged, 
report as to any other disabilities found not due to injury, the treatment given or recommended 
for the industrial injury, the degree of disability for usual or other employment as a result of 
the injury, the actual degree of loss of active or passive motion of an injured member, the amount 
of atrophy or deformity in a member, the decrease, if any in strength, the disturbance of sensa- 
tion, the prognosis for recovery, and all other material facts. If the services of a specialist are 
required in the examination or treatment of a beneficiary, a report of his findings upon examina- 
tion, his diagnosis, his opinion as to the relationship of disability to the injury, the treatment 
recommended by him, a statement of the degree of disability for work as a result of injury, and 
the prognosis should be forwarded to the Bureau for consideration in conjunction with other 
reports. The requirements of this section or any section in this part with respect to the form 
of medical, dental, hospital, or other reports may be waived by the Bureau. 


MEDICAL EXAMINATIONS 


The medical examination regulation is similar to that found in many state com- 
pensation acts. Section 2.7 provides: 

(a) An injured employee shall be required to submit to examination by a medical officer of 
the United States or a designated physician or a duly qualified physician approved by the Bureau. 
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as frequently and at such times and places as in the opinion of the Bureau may be reasonably 
necessary. The injured employee may have a duly qualified physician, paid by him, present at 
the time of such examination. For any examination required by the Bureau an injured employee 
shall be paid all expenses incident to such examination which, in the opinion of the Bureau, are 
necessary and reasonable, including transportation and actual ioss of wages incurred in order to 
submit to the examination authorized by the Bureau. 

(b) If the employee refuses to submit himself for or in any way obstructs any examination, 
his right to claim compensation under said act shall be suspended until such refusal or obstruc- 
tion ceases. No cempensation shall be payable while such refusal or obstruction continues, and 
the period of such refusal or obstruction shall be deducted from the period for which compensa- 
tion is payable to him. 


When the attending physician makes his final report to the Bureau, it is custom- 
ary for the Bureau to accept his evaluation of the permanent disability, if any. On 
the basis of this report, the Bureau advises the employee in a letter as to the status 
of his claim. In the majority of instances the employee accepts these findings and 
to all intents and purposes the case is closed, although an employee may reopen his 
case at any time during his lifetime if he can show a wage loss directly related to the 
accidental injury. However, if the employee disputes the findings of the Bureau, 
the Bureau may direct him to submit to examination by another physician. /xam- 
inations are also ordered by the Bureau in the event that convalescence is unduly 
slow or the report of the attending physician does not substantiate his evaluation 
of the disability. Rarely does the Bureau order an examination by another physician 
to check the opinions or recommendations on treatment by the attending physician, 
since the medical staff of the Bureau is well qualified to pass on these questions. 

Periodic examinations are required by the Bureau in cases of permanent total 
disability or permanent partial disability based on wage loss as distinguished from 
schedule loss. When an award is made in these cases, the claims examiner notes 
on the file the date on which he wishes to review the case and perhaps order an 
examination. The length of time between examinations depends upon the nature 
of the case. On the other hand, when an employee has sustained a permanent partial 
disability of a member (schedule loss) with no wage loss, except in eye injuries, 
periodic examinations are not required unless recommended by the attending physi- 
cian, It is the practice 6f the Bureau to have all eye cases reexamined shortly before 
the final payment on the award. 

(ne other regulation providing for medical examinations is found in Section 2.8, 
which provides : 

If there should be a disagreement between the physician making an examination on the part 
of the United States and the injured employee's physician, application may be made to the Bureau 
for the appointment of a third physician, duly qualified, who shall make an examination. 


This regulation is seldom used by the Bureau, although the method employed by 
the Bureau in determining disputed questions might be considered a combination 
of both regulations on medical examinations. 

Fifteen to 20% of all accidental injuries result in claims for cash compensation 
and/or medical expense incurred by the employee. Eighty to 85% of the accidental 
injuries under the Federal Employees’ Compensation Act involve first-aid medical 


care only and result in no lost time to the employee. In recent years approximately 
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18,000 claims have been filed annually. Of these 18,000 claims, approximately 400 
resulted in disputes concerning some aspect of the case. When the dispute involves 
a question of medical fact, the file may be reviewed by the medical staff of the 
Bureau, but in about 200 cases a year the file is submitted to a specialist in the field 
of the injury for an advisory opinion. These physicians are not on che list of desig- 
nated physicians and usually are men of professorial rank in the area in which the 
employee lives. After reviewing the file, the physician may request the employee 
to report for an examination, or he may decide that he has all the information 
required in the file. The remaining 17,600 claims are reviewed by the medical staff 
on one or more medical aspects of the claim. 


REHABILITATION 


Unlike the majority of state compensation acts, all the potentials of an ideal 
rehabilitation program are provided in the following sections of the Federal 
Employees’ Compensation Act : 


Section 9 (b) provides : 


The Secretary may direct any permanently disabled individual whose disability is compensable 
under this Act to undergo vocational rehabilitation and shall make provision for furnishing voca- 
tional rehabilitation services in such cases. In providing for such services, the Secretary shall, 
insofar as practicable, utilize the services or facilities of State agencies (or corresponding 
agencies in Territories or possessions) cooperating with him in carrying out the purposes of the 
Vocational Rehabilitation Act, as amended, except to the extent that the Secretary provides for 
furnishing such services under subsection (a) of this section, The cost of providing such services 
to individuals undergoing vocational rehabilitation pursuant to such direction shall be paid from 
the employees’ compensation fund, except that in reimbursing any State agency (or correspond- 
ing agency of a Territory or possession) under any arrangement pursuant to this subsection 
there shall be excluded any cost to such agency reimbursable in full under section 3 (a) (4) of 
the Vocational Rehabilitation Act, as amended. 


Section 6 (b) (2) 


The Secretary may pay to any disabled individual who is undergoing vocational rehabilitation 
pursuant to the Secretary's direction under section 9 (b) additional compensation necessary for 
his maintenance, but not to exceed $50 per month. 


Section 6 (d) (2) 


If a disabled individual, without good cause, fails to apply for and undergo vocational rehabili- 
tation when so directed pursuant to section 9 (b), and the Secretary, upon review under section 
37, finds that in the absence of such failure the individual’s wage-earning capacity would prob- 
ably have substantially increased, the Secretary may prospectively reduce the individual's mone- 
tary compensation in accordance with what would probably have been his wage-earning capacity 
in the absence of such failure, until the individual in good faith complies with the Secretary's 
direction, 

The rehabilitation program for injured employees is relatively new, having been 
established by amendment to the Act in 1949. The program is carried out under 
the supervision of the Bureau's Rehabilitation Officer. Cases are referred to him 
by claims examiners when it appears that considerable disability is developing 
and/or there may be a vocational problem. Aside from human factors in individual 
cases, the Bureau appears to share only one problem in common with state com- 
pensation administrators—that is, resumption of employment by the employer for 
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TaBLe 3.—Reimbursable Medical Care Costs 


Under Federal Employees’ Compensation Act 


Physicians Total 

Nurses tation laneous Expenditures Exp. 

N. A. N. A. N. A. N. A. 83,593 N.A. $6,565,172 15.9 
$1,485,495 $3,806 662 $107,757 $00,349 $276,198 5,965,725 16.5 
1,241,180 2.920 580 90,603 84,067 196,390 4,640,319 15.3 

1,159,793 3,606,719 2,574 66,291 100,967 177,100 5,208,444 22.3 
H 1,846,612 62,647 44,232 69,212 114,917 8,084,708 214 
1,622,089 70,528 39.211 77 067 110,380 2,819,041 20.6 

1,255,595 53,207 30,646 60,404 116,445 2,238,847 14.9 

1,140,936 59,328 24,921 79,737 135,510 2,122,901 20.8 

3,351 500 56 663 31,790 51,326 120,430 4,632,983 36.0 
2,241,486 82,947 23,272 41,064 8,199,106 80.5 
1,180,007 19,638 34,501 2,088 934 26.4 

415,673 567,752 19,844 26 430 1,079,178 20.3 

418,007 343,637 16,389 22.874 284 17.4 

359,381 206 17,578 23,513 39,631 677 S82 15.1 
335,660 160,433 12,790 29,767 39,0038 612,404 14.5 

339,114 166,844 15,550 19,615 31,165 606,107 42 

392,579 207 493 17,983 26 M48 32,072 36 406 713,431 16.1 

198,153 327 836 15,339 20,234 89,619 39,440 640,621 1 

359,082 226, 874 16,295 23,818 35,286 29,19 600,54 16.5 

261 307 148,029 11,810 17,869 31,825 13,872 485,611 M2 


4.—Public Health Service Estimated Nonreimbursable Medical Costs Under Federal 


1949 19% 1951 1962 1953 
Hospitals—Inpatient Care 
115,055 118,326 111,965 110,574 110,629 


3. Average no. of days 


bsedecdoovedovatrccosesesnes 22.5 22.9 20.3 19.9 20.4 

4. Total cost (including physicians’ services).... $1,320,615 $1,474,404 $1,470,437 $1,607 66 $1,777,145 
5. Average cost per case (including physicians’ 

258.04 285.42 266.06 287.06 $29.10 

11.48 12.46 13.13 16.06 

Hospitals— Outpatient Care 


WO. OF N.A 15,418 15,684 15,804 15,371 
3. Average no. of visits per case................ N.A. 3 3 3 3 
4. Total cost (including physicians’ services)... N.A WB. A. N. A. $177,514 $184,455 
5. Average cost per case (including physicians’ 

N. A. N. A. N.A. 111 12.00 
6. Average cost per visit (including physicians’ 


3.78 


Outpatient Clinies 
1. Total no. of first visits 


N.A 18,005 19,361 21,928 22,054 
N. A. 74,587 £2,326 87,226 M4 
3. Average no. of visits per case................. N.A 4 4 4 4 
4. Total cost (including physicians’ services)... N.A N.A N.A N.A N.A 
5. Average cost per case (including physicians’ 
N. A. N. A. N.A N.A. N.A 
6. Average cost per visit (including physicians’ 
N. A. N. A. N.A. N.A. N.A. 


*“In the outpatient care section of the summary table, the first visits represent a total of the number 
of different B. E. C. patients receiving outpatient care at each station from July through June of each year. 
The first visits are probably the best measure of the total number of B. EF. C. cases receiving Publie Health 
Service care, since a patient who receives inpatient care is usually referred from the hospital outpatient 
department or from an outpatient clinic. No exact count of cases ean be deduced from these data, however, 
since a patient treated for two or more different injuries at the same facility during a fiscal year would be 
counted as a first visit only once, while a patient treated for the same injury at two P. H. 8. facilities would 
be counted as a first visit twice.” 


Letter to A. M. A. Council on Industrial Health, Dee. 10, 1963, from 
the Bureau of Medical Services, Public Health Service 
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Taste 5.—Summary of Reimbursable Hospitalization Expenditures Under Federal Employees’ 


1950) 1953 
570,000 910,316 : $ 513,280 574,729 
133 187,474 13¢ 669 2) 372 210,192 
280,000 288,500 630,018 496,163 
463,804 1,290,216 1,087 250 1,333 ,580* 1,281 684 
Civilian or other (excluding physi- 
clans’ services) 604,585 938,713 1,035,378 1,169,412 N.A. 


Total expenditures $1,546,612 $3,606,719 $2,979, 580 $3,896 662 N. A. 


* $1,061,229 represents medical eare of V. A. employees; it is estimated that 663¢% of these cases are tuber 
culosis patients 


272,358 represents medical care of other Federal employees 


$1,333,580 Total 


Tasie 6.—Keimbursable Medical Costs Under Iederal Employees’ Compensation Act for 
Fiscal Years 1937-1946 


Total no. of injury cases reported 


871,869 
Average no. of cases per year 


87,187 

47 

4,778 
$16,543,249 


Estimated percentage of total no. of cases requiring medical payments............ 


Percentage of reimbursable medical costs to all compensation expenditures. . 
Average amount of medical payment per case 
Breakdown of average medical payment per case 
Pereentage Payment 
33.4 $13.36 
57.8 23.12 
1.6 
146 
2.5 1.00 
3.1 124 


Physicians and surgeons 
Hospitals 

Appliances 

Nurses 

Transportation 
Miscellaneous 


$40.00 


This table is based on annual reports of the Bureau of Employees’ Compensation (formerly United States 
Employees’ Compensation Commission) for the fiscal years 1988 and 1946. 


Taste 7.—Keimbursable Medical Costs Under Federal Employees’ Compensation Act for 
Fiscal Years 1950-1952 


Total no. of injury cases reported a 258,342 
Average no. per year 86,114 

Total no. of first visits to P. H.S 107,190 
Average no. per year 35,730 
Percentage of all injury cases reported 41 

Total no. of cases requiring medical payments fs 151,152 
Average no. per year 50,384 
Percentage of all injury cases reported 59 

Total amount of reimbursable medical costs $15,800,488 
Average amount per year 35,269,827 

Percentage of reimbursable medical costs to all compensation expenditures. . 

Average amount of medical payment per case 

Breakdown of average medical payment per case 


Is 


$105 


Percentage Payment 
25.56 
69.19 
1.97 
161 
2.08 
444 


Physicians and surgeons 
Hospitals 
Appliances 


Transportation 
Miscellaneous 


100.00 $105.00 


Compensation Act (Including Outpatient Treatment and Physicians’ Services) i 
. 
Estimated total no. of cases requiring medical 
Total amount of reimbursable medical costs 
| . 
| 
408 


WORKMEN'S COMPENSATION UNDER FEDERAL LAWS 


whom the employee was working at the time of his injury. Civil service regulations 
and their interpretation by employing agencies appear to be the primary contributing 
factor to this problem. 


MEDICAL FFES AND COSTS 


In any discussion of medical costs and fees, whether under state or Federal com- 
| pensation laws, it must be made clear at the outset that all statistical data must be 
; considered as an approximation of the costs and fees. Unfortunately, differences 

and changes in reporting requirements of the various agencies make greater accuracy 

impossible. While Tables 3 to 7 are based on statistics recently furnished by the 
\- Public Health Service and the Bureau of Employee's Compensation or in annual 
reports of these agencies, they should be considered as indicating trends rather than 
absolute reflections of expenditures. 


1 It has been noted that medical care is furnished by medical officers and facilities 
of the United States, designated physicians, and duly qualified medical practitioners. 
The cost of this care may be divided into two classifications : reimbursable and non- 
reimbursable. 


Nonreimbursable medical costs are those costs incurred for medical care of 
injured employees by Public Health Service officers and facilities. No payment for 
these services is made by the Bureau from its compensation fund appropriated 
annually by Congress. Provision is made in the budget of the Public Health Service 
for the estimated cost of this care. 


The Public Health Service provided medical services for an average of 53% 
of all employees injured from Jan. 1, 1919, through Dec. 31, 1937. This percentage 
decreased to 47% from fiscal 1937 to fiscal 1946 and further decreased to 42% from 
fiscal 1950 to fiscal 1952. 


Reimbursable medical costs are those incurred for medical care of injured 
employees for which payment is made from the Bureau's compensation fund, appro- 
priated annually by Congress. From fiscal 1937 to fiscal 1946, reimbursable medical 
costs accounted for 21.1% of all compensation expenditures. During the same 
period, physicians’ and surgeons’ fees absorbed 33.4% of the average medical pay- 
ment, or $13.36 per case. From fiscal 1950 to fiscal 1952, reimbursable medical 


care costs accounted for 18.0% of all compensation expenditures by the Bureau. 
During this same period, physicians’ and surgeons’ fees absorbed 24.63% of the 
average medical payment, or $25.86. 


Medical treatment in Government facilities, other than those of the Public Health 
Service, is paid for by the Bureau. For instance, in 1946, the total reimbursable 
hospitalization and outpatient care expenditure was $1,140,936, of which $412,530 
was paid to the Department of the Army, $149,755 to the Department of the Navy, 
and $63,800 to the Veterans’ Administration. Since no payments were made to 
the Department of the Air Force, the balance of $513,851 was probably paid to 
civilian facilities. When hospitalization and outpatient care are furnished in Govern- 


ment facilities, the costs include the services of physicians. Payments made by the 
Bureau to civilian facilities for hospitalization and outpatient care do not include 
the services of physicians, unless provided by employees of the hospital. 


As under state compensation laws, the Bureau may fix the fees charged for reim- 
bursable medical care. In determining the reasonableness of charges, the Bureau 
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is voluntarily governed by the fee schedules of the compensation commission in the 
state in which the employing agency is located. If no such schedules are established, 
the fee schedules of the local medical society may be a factor. The Bureau does 
not use the fee schedule of the Veterans’ Administration. Medical charges are 
reviewed by experienced auditors. In the event some question arises over the 
amount of a bill, the auditor refers the matter to the Medical Director of the Bureau 
who makes the final determination. His finding may be appealed to the Appeals 
Board, as may any question of fact. 


Disputes over physicians’ fees rarely occur except in those instances in which 
the attending physician is not experienced in industrial work or has not been author- 
ized by the employing agency or the Bureau to furnish medical care to the injured 
employee. The Bureau’s years of experience enable it to detect padded bills quickly. 


The regulations of the Bureau provide detailed information regarding the sub- 
mission of bills and the reimbursement of medical expenses. Section 2.11 of the 
regulations provides : 


All charges for the medical, hospital, surgical, or other treatment or care of injured employees 
shall be itemized on Form S-69 provided by the Bureau, and this form properly executed shall 
be forwarded promptly to the Bureau for consideration. A separate Form S-69 shall be sub- 
mitted by each payee for services to each injured employee. Vouchers should be submitted when 
the employee is discharged from treatment, except when treatment extends over 30 days in 
which event Form S-69 should be submitted at the end of each 30 day period. Vouchers shall 
be verified by the signature of the injured employee, and if such signature cannot be obtained, 
a concise exploration of the reason for the failure to secure such verification must be stated. 


Section 2.12 of the regulations provides : 


If bills for medical, surgical, nursing, dental or hospital services or supplies, or appliances, 
have been paid by an injured employee on account of an injury incurred while in the performance 
of duty, an itemized bill, receipted and signed by the person who has received payment, may be 
submitted to the Bureau for consideration. If payment has been made to a hospital, corporation 
or firm, the receipted bill should bear the signature or initials of the person acting for the payee. 
If receipted by mechanical stamp or device, which shows clearly its intent and purpose, the 
usual formalities attendant to the receipting of bills may be dispensed with. Where the means 
of transportation is not furnished by the Government, a claim for reimbursement of the cost of 
necessary transportation, and of necessary incidental expenses incurred by the injured employee 
who has been authorized to travel for the purpose of securing medical or hospital treatment, 
appliances or supplies or for medical examinations, may be submitted promptly to the Bureau 
for consideration. Standard Form 1012 properly executed should be used for this purpose. Where 
transportation by automobile is furnished by an employee of the United States or by a relative 
of an injured employee, reimbursement may be made at the rate per mile fixed by law, execu- 
tive, administrative or other order for employees of the United States authorized to travel at 
Government expense. 


Occasionally complaints are made about the slowness of the Bureau and the 
red tape required in the payment of medical bills submitted by physicians. This 
is a complaint common to all who deal with any Governmental body. Delay in 
payment may result if all the required medical reports have not been submitted by 
the physician or the bill has not been properly itemized. Even though the bill was 
properly submitted, it must go through certain channels which have been established 
by statutory, executive, or administrative provisions to safeguard the expenditures 
of public monies. 
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Longshoremen’s and Harbor Workers’ Compensation Act 
ADMINISTRATION 


The Longshoremen’s and Harbor Workers’ Compensation Act is admiaistered 
by the Bureau of Employees’ Compensation under the supervision of a Deputy 
Commissioner in each of the following districts: Boston, New York, Philadelphia, 
Baltimore, Norfolk, New Orleans, Galveston, Cleveland, Chicago, San Francisco, 
Seattle, Jacksonville, and Honolulu. Two Deputy Commissioners are assigned to 
Washington, D. C. Qne of these officers administers the Act with reference to 
private employment in the District of Columbia, and the other serves as an assistant 
to the Director of the Bureau. All Deputy Commissioners are civil service 
employees, and many have served in these positions or in the Bureau for a number 
of years. 

As we have seen, the Longshoremen’s and Harbor Workers’ Compensation Act 
is the term generally used to cover four Acts of Congress. As such, it provides 
workmen’s compensation protection for employment in private enterprises subject 
to exclusive Federal jurisdiction. The employees include : 


(1) All employees of private employers engaged in maritime employment on the navigable 
waters of the United States, including dry-docks; excepting officers and employees of the United 
States or foreign governments, master and crew of any vessel, and persons loading, unloading, 
and repairing vessels of less than 18 tons. 

(2) All employees of private employers in the District of Columbia; excepting the master 
and members of the crew of a vessel, employees of common carriers by railroad, Federal 
employees, employees engaged in agriculture, domestic service, or employments that are casual 
and not in the usual course of the employer's trade or business, and employees of Members of 
Congress. 

(3) Employees of private contractors engaged to construct defense bases outside the con- 
tinental United States and in connection with public works’ contracts outside the United States. 


The Act also provides full medical care and cash benefits for temporary total, 
permanent total, or permanent partial disability as well as for periods of rehabilita- 
tion. The disability or death resulting from the injury must arise out of and in the 
course of the employment. The term “injury” also includes such occupational 
disease or infection as arises naturally out of such employment, or as naturally 
or unavoidably results from such accidental injury, and includes an injury caused 
by the willful act of a third person directed against an employee because of his 
employment. 

The liability of these employers is covered by insurance in stock or mutual 
companies authorized by the Bureau to write such insurance or by self-insuring 
with the approval of the Bureau. 

Funds for administration of this Act are included in the annual appropriation 
by Congress to the Bureau of Employees’ Compensation. Since no Federal funds 
are involved in the payment of benefits, the administration of the Act is similar to 
the administration of state compensation acts for which the administrative body is 
financed by the state. 


Approximately 86,000 injuries are reported annually. Claims for compensation 
for disability or death are processed by claims examiners under the supervision of 
the Deputy Commissioners. The Deputy Commissioners hold about 30,000 informal 
conferences annually at which compensable cases are discussed and settled. Between 
400 and 500 cases a year are heard formally by the Deputy Commissioners. Though 
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the decisions of the Deputy Commissioners are not reviewable by the Bureau, they 
are subject to judicial review by the Federal courts. Judicial review is limited to 
questions of law; determination of fact, when supported by evidence in the record, 
cannot be disturbed by the courts. Either party may seek judicial review. The 
filing of a review proceeding by the employer does not automatically stay payments 
of compensation. The court may grant such a stay only upon showing of irreparable 
damage to the employer. As a result of this provision, employers rarely refuse to 
pay the awards of the Deputy Commissioners while the cases are pending on review. 

Up until approximately 1949, court decisions under the Longshoremen’s and 
Harbor Workers’ Compensation Act and state workmen’s compensation laws had 
uniformly held that, when an employee was injured while engaged in maritime 
employment, his workmen’s compensation right under the Longshoremen’s and 
Harbor Workers’ Compensation Act was exclusive and no recovery could be had 
under the state law. Court decisions have modified this view by recognizing a 
“twilight zone” in which employments have both maritime and nonmaritime aspects. 
In such cases, employees have the choice of proceeding under the workmen’s com- 
pensation law of the state where the injury occurred or under the Longshoremen’s 
and Harbor Workers’ Compensation Act. When employments are exclusively 
maritime, however, the right to benefits lies solely under the Longshoremen’s and 
Harbor Workers’ Act and, when exclusively nonmaritime, the right lies solely 
under the state law. 


Unlike the provisions of the Federal Employees’ Compensation Act, the Bureau 
of Employees’ Compensation has not formulated regulations regarding medical 
care. The basic medical provision of the Act is found in Section 7 which provides : 


(a) The employer shall furnish such medical, surgical, and other attendance or treatment, 
nurse and hospital service, medicine, crutches, and apparatus, for such period as the nature of the 
injury or the process of recovery may require. If the employer fails to provide the same, after 
request by the injured employee, such injured employee may do so at the expense of the employer. 
The employee shall not be entitled to recover any amount expended by him for such treatment 
or services unless he shall have requested the employer to furnish the same and the employer 
shall have refused or neglected to do so, or unless the nature of the injury required such 
treatment and services, and the employer or his superintendent or foreman having knowledge 
of such injury shall have neglected to provide the same; nor shall any claim for medical or 
surgical treatment be valid and enforceable, as against such employer, unless within twenty 
days following the first treatment the physician giving such treatment furnish to the employer 
and the deputy commissioner a report of such injury and treatment, on a form prescribed by the 
Commission, The deputy commissioner may, however, excuse the failure to furnish such 
report within twenty days when he finds it to be in the interest of justice to do so, and he may, 
upon application by a party in interest, make an award for the reasonable value of such medical 
and surgical treatment so obtained by the employee. If at any time during such period the 
employee unreasonably refuses to submit to medical or surgical treatment, the deputy commis- 
sioner may, by order, suspend the payment of further compensation during such time as such 
refusal continues, and no compensation shall be paid at any time during the period of such 
suspension, unless the circumstances justified the refusal. 


(b) Whenever in the opinion of the deputy commissioner a physician has not impartially 
estimated the degree of permanent disability or the extent of temporary disability of any injured 
employee, the deputy commissioner shall have the power to cause such employee to be examined 
by a physician selected by the deputy commissioner and to obtain from such physician a report 
containing his estimate of such disabilities. If the report of such physician shows that the 
estimate of the physician has not been impartial from the standpoint of such employee, the deputy 
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commissioner shall have the power in his discretion to charge the cost of such examination to 
the employer, if he is a self-insurer, or to the insurance company which is carrying the risk. 
(c) All fees and other charges for such treatment or service shall be limited to such charges 
as prevail in the same community for similar treatment of injured persons of like standard of 
living, and shall be subject to regulation by the deputy commissioner. 


CHOICE 


OF PHYSICIAN 


As under the majority of state workmen’s compensation acts, the choice of 
physician is vested in the employer. In actual practice this right is often transferred 
to the insurance company covering the risk. The same factors govern the selection 
of physician or surgeon for these injured employees as under the state acts. An 
employee rarely elects to obtain medical care at his own expense because he wishes 
to select his own physician. 


MEDICAL CARE 


It is generally conceded that the medical care furnished by most employers is 
good in quality and adequate in amount. Complaints by an employee of poor or 
inadequate medical care are disposed of in informal hearings called by a Deputy 
Commissioner. If warranted, the Deputy Commissioner may order a change of 
physician or type of care. In some instances the employee may be referred to a 
medical officer of a Public Health Service facility for examination. 


Based upon 
the recommendation of this physician, the Deputy Commissioner takes the required 


action. Employees are not given outpatient care or hospitalization in these facilities. 


MEDICAL REPORTS 


Attending physicians are required to file an initial report within 20 days of the 
first treatment. This report is sent to both the Deputy Commissioner and the 
employer. If a question arises concerning medical care on the basis of these reports, 
the Deputy Commissioner may call the physician on the phone or have him come 
into his office to discuss the case. Supplementary reports are required from time to 
time in extended cases. The employee may see any records in the possession of 
the Deputy Commissioner. Because some physicians are not inclined to be very 
informative about the progress of a case, it is not uncommon for an employee to 


ask to see the medical reports his attending physician is submitting to the Deputy 
Commissioner. 


MEDICAL EXAMINATIONS 


In addition to the already cited provision regarding medical examinations, 
Section 14 (h) of the Act provides : 


The deputy commissioner (1) may upon his own initiative at any time in a case in which 

payments are being made without an award, and (2) shall in any case where the right to com- 

j pensation is controverted, or where payments of compensation have been stopped or suspended, 

upon receipt of notice from any person entitled to compensation or from the employer, that the 

right to compensation is controverted, or that payments of compensation have been stopped or 

suspended, make such investigations, cause such medical examinations to be made, or hold such 

hearings, and take such further action as he considers will properly protect the rights of all 
parties. 


Section 19 (h) provides: 


An injured employee claiming or entitled to compensation shall submit to such physical exami- 
nation by a medical officer of the United States or by a duly qualified physician designated or 
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approved by the Commission as the deputy commissioner may require. The place or places shall 
be reasonably convenient for the employee. Such physician or physicians as the employee, 
employer, or carrier may select and pay for may participate in an examination if the employee, 
employer, or carrier so requests. Proceedings shall be suspended and no compensation be pay- 
able for any period during which the employee may refuse to submit to examination. 


In controverted cases, an examination may be ordered by the Deputy Commis- 
sioner for the purpose of obtaining an impartial evaluation of the employee’s dis- 
ability. Approximately 7,000 cases each year are referred to impartial physicians 
by the Deputy Commissioners. The Bureau does not maintain a list of physicians 
for this purpose, but each Deputy Commissioner has developed his own list over 
the years. These physicians are usually specialists in their fields and are not 
customarily used by employers. In about 40% of the cases, they are consultants on 
the staff of Public Health Service facilities. The other 60% of the cases are 
examined by private practitioners. The fees for these examinations range between 
$50 and $100 and include any testimony required of the examining physician at a 
hearing before the Deputy Commissioner. The fees for these examinations are 
paid by the employer or the insurance carrier. 

In uncontroverted cases, the Deputy Commissioner may refer the employee 
to a Public Health Service officer for an examination and an advisory opinion on 
the employee's disability. No charge is made for these examinations. It is estimated 
that approximately 7,000 examinations of this type are given annually by officers 
of the Public Health Service. 

Examining physicians are furnished with abstracts of the medical record in 
cases referred to them. They are expected to make whatever additional tests they 
may deem necessary and to check the findings contained in the abstract. It is not 
customary to have an employee examined by more than one physician at the 
direction of the Deputy Commissioner, except in very unusual cases or in cases 
involving loss of hearing. 


MEDICAL FEES AND COSTS 


The Bureau of Employees’ Compensation does not have statistics on medical 
fees and costs available, since the law does not require that such fees and costs be 
reported by the employers or carriers. However, there is no reason to believe that 
these costs would vary substantially from those in any state compensation case of a 
similar type. The Deputy Commissioners have jurisdiction over all medical charges 
and can set the fees to be paid in any case. The question seldom arises but is 
determined, when necessary, on the basis of the Deputy Commissioner’s experience 
and knowledge of the charges for similar services in the locality. 


REHABILITATION 


Two sections of the Act refer to rehabilitation of injured employees. They are: 
Section 8 (g) which provides : 


Maintenance for employees undergoing vocational rehabiliation: An employee who as a 
result of injury is or may be expected to be totally or partially incapacitated for a remunerative 
occupation and who, under the direction of the Commission as provided by section 39 (c) of this 
Act, is being rendered fit to engage in a remunerative occupation, shall receive additional com- 
pensation necessary for his maintenance, but such additional compensation shall not exceed $10 
per week. The expense shall be paid from the special fund established in section 44. 
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Section 39 (c) which provides: 


The Secretary shall direct the vocational rehabilitation of permanently disabled employees 
and arrange with the appropriate public and private agencies in States, Territories, possessions 
and the District of Columbia for such education. The Federal Board of Vocational Education 
shall cooperate with the Secretary in such educational work. The Secretary may in his dis- 
cretion furnish such prosthetic appliances or other apparatus made necessary by an injury upon 
which an award has been made under this Act to render a disabled employee fit to engaged in 
a remunerative occupation. If any surplus is left in any fiscal year in the fund provided for in 
section 44, such surplus may be used in subsequent fiscal years for the purposes of administration 
and investigation. 


The special fund referred to in Section 8 (g) is the usual “second injury” fund 
which is maintained by $1,000 payments by employers in no-dependency cases plus 
fines and penalties assessed by the Bureau for failure to comply with various 
provisions of the Act. 

In accordance with Section 39 (c), the Bureau uses these funds to replace pros- 


thetic devices upon application by an employee at any time such replacements are 
required. 
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MUSCLE SPASM IN MANUAL LABORERS 


A. HILTUNEN, M.A. 
M. J. KARVONEN, Ph.D., M.D. 
J. KIHLBERG, M.A. 
AND 


R. LAMMINPAA, M.A. 
HELSINKI 


HE OCCURRENCE of muscles which are hard and painful on palpation is a 
common phenomenon. Occasionally the condition is severe enough to cause a 
physician’s consultation, but most cases probably are diagnosed and treated by 
physical therapists, etc., if by anybody. Therefore, hospital and office records will 
not give any reliable figures for the incidence of myalgia; relevant information may 
be obtained only with the aid of mass examinations. Such mass examinations have 
been carried out on office personnel * and on students of dentistry,* but we are not 
aware of any similar study on manual laborers. However, information on the inci- 
dence is necessary for deciding what policy has to be followed in the treatment of 
myalgia in industry and under what conditions, if any, myalgia is covered by sick- 
ness insurance. 
The purpose of the present study was to obtain information on the incidence of 
myalgia among manual laborers and on its distribution to the major muscle groups. 
The incidence was also related to the type of work. 


MATERIAL AND METHOD 


The study was made during the summer of 1953 in two timber and pulp factories 
(200 and 140 workers, respectively, examined) and in one iron factory (90 workers 
examined ), by two examiners. Male workers only were examined. In the selection 
of subjects the following principles were observed: Those workers who had been a 
relatively long time in their occupation were preferred; the number of workers 
examined in each occupation was proportional to the total numbers employed in 
the occupations ; the subjects were chosen to give an adequate representation of each 
age level, and the occupations were chosen to represent different degrees of physical 
work required, 

An absolute observance of these principles was not always possible, but devia- 
tions from the rule probably occurred in a random manner. 

The examination was made by palpating the muscles of the body. The occur- 


rence of hard muscles and of pain on palpation was noted separately. No attempt 


was made at the exact anatomical localization of signs and symptoms to separate 


From the Institute of Occupational Health. 
* References 1 and 2 
+ Reference 3. 
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muscles ; the site was marked on an anatomical map. It turned out that the incidence 
of hard muscles without any pain was minimal and that of painful muscles without 
any palpable hardness was also very low. For statistical treatment, the hard and 
painful muscles were grouped in major groups according to the anatomical region. 
Muscles and regions without myalgia are not mentioned in the tables. 

The examination of muscles by palpation includes a subjective element. The 
agreement of the results obtained by the two examiners was studied on seven groups 
of workers representing similar occupations. The variance analysis showed (Table 
1) that the variance due to the difference between examiners was significantly higher 
than the mean residual variance in the occupational groups. A close examination 


Tas_e 1.—Analysis of Variance of Occupations Studied by Two Examiners 


Source of Variation 


Within occupations 


Q = sum of squares. f = degrees of freedom. s* = variance. v? = variance ratio. P = tabular value 
of the probability of exceeding the value of v? observed. 


TasLe 2.—Distribution of Material to Different Occupations 


No.of of Affected 
Occupation Men Muscles 
(b) Cellulose and chemical factories........... 62 49 
(c) Cellulose factory: auxiliary department and power station..... ; 43 6.0 
(h) Carpenters, joiners, and brick layers......... 42 61 
(4) General workers and electrical line builders..................0.44. 26 7A 


of the groups has made it likely that at least a part of the difference has been due 
to real differences in the groups considered as comparable, but the possibility that 
sach examiner reported differently at identical situations cannot be entirely excluded 
and must, of course, always be considered when comparing different materials. 

In the statistical analysis, common methods of variance analysis * were applied. 
The figures in the variance analysis tables (Tables 1 and 4) refer to arbitrary units, 
but this fact, of course, does not affect the tests of significance. 


RESULTS 


For studying the incidence of myalgia in various occupations, without paying 
attention to the site, the subjects were grouped according to occupation, as shown in 
Table 2. The Table also indicates the number of subjects and the mean number 
of affected muscles in each group. The number of muscles does not correspond to 
actual anatomical units but with the number of sites listed in Table 6. Variance 
analysis showed that the variance among groups was significantly higher than the 
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TasLe 3.—Grouping of Occupations Listed in Table 2 According to Four Main Groups 


Mean No. 
Comprised of No.of of Affeeted 
Occupations Men Muscles 


a,b,e,d 5.2 
e,f,g,h 62 
i 74 
9.7 


Main Group 


TasLe 4.—Variance Analysis of Main Groups of Occupations Listed in Table 3 


Souree of Variation 
A contra B, C, D 
B contra C, 
© contra D 
Other differences 
Differences between main groups 
Residual 


s? vt 


79.42 26.47 < 0.001 
20.53 6.84 < O01 
6 2.86 1.05 
22.70 7.57 < 0.001 
3.00 


f 
1 87.21 29.07 < 0.001 
1 
1 


Total 


* Inverse value. 
Meaning of column symbols is given in footnote to Table 1. 


Taste 5.—Percentage Distribution of Men According to Number of Affected Muscles 
Among Main Groups 


Percentage of Men with m Affected Muscles 
A. - 
m=0 9-12 
3 
3 26 Hy 4 “4 
31 


29 


Tasie 6.—I/ncidence of Myalgia in Various Muscles and Muscle Groups Among All Subjects 
Examined and Four Main Occupational Groups 


Percentage Incidence of Myalgia 


Occupational Main Groups 


Whole 
Series 
Muscle or Muscle Group 
Trapezius 
Latissimus dorsi, teres major and minor.. 
Pectoralis 
Deltoideus 
Triceps brachii (seapular end) 
Triceps brachii (main trunk) 
Biceps brachii 


Brachioradialis and extensor carpi radialis 
longus 


Gluteus 

Back of thigh 
Adductors of thigh 
Quadriceps femoris 
Inner side of calf 
Outer side of calf 


— 
/ 
2 
87.21 
79.42 
17.13 
No. of 
Main Group Men 
168 
41 7 37 |_| 27 
A B Cc D 
k L R L R L R L R 
3 65 70 62 [A 66 
iu 5 5 3 s 2 19 12 36 
4 14 25 12 2 
1 1 1 1 2 2 ‘ ‘ 
7 9 Ww 23 12 10 2 
4 6 % 19 19 
12 13 21 12 15 39 82 
Lsaeetrenrkberereeseeen s 1 1 1 1 2 1 4 4 ae oe 
21 23 16 17 1% 35 38 46 
9 4 5 4 4 41 51 
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mean variance in a group. A close examination of the character of the variance and 
general conclusions about the type of work in each occupation led us to form four 
main groups, in each of which the internal variance was small as compared with 
that between groups. The new grouping is shown in Table 3 and the results of a 
variance analysis between these main groups in Table 4. The results indicate that 
the number of affected muscles increases significantly as the occupations require 
more physical work. 

The distribution of subjects according to the number of affected muscles in each 
main group is shown in Table 5. It is evident that the distributions are rather 
characteristic in each group. The pattern for the incidence of affected muscles in 
‘ach main group is shown in Table 6. The pattern evidently does not differ mark- 
edly from group to group. Owing to the relatively small number of subjects exam- 
ined in each occupation, no more detailed analysis of the pattern was made. It might 
be expected, of course, that montonous physical work could produce patterns of 
myalgia typical of the work. 


The incidence of myalgia was found not to be related to the age of the subjects. 


COM MENT 


The results indicate that hard and painful muscles are of common occurrence 
among manual laborers. The affection is evidently commonest in muscles which 
are doing static work, like those of the calf. The incidence of myalgia is also related 
to the amount of physical work, since it is commoner among those engaged in occu- 
pations with the highest physical requirements. This effect is probably a direct one 
on the muscles employed, as shown, e. g., by the prevalence of myalgia in the muscles 
of the right side of the body. 

We do not claim that work, even static work, is the only cause of myalgia. The 
role of mental tension and anxiety as a cause of myalgia has been stressed,t and an 
increase in the incidence during enemy occupation of the country has been reported 
from Norway.' Moreover, climatic changes may play a role,§ and exposure to cold 
may act as a causative agent by increasing the muscular tonus. As the present study 
was made during summer months, the influence of the climatic factors has probably 
been relatively small. If several etiological agents are accepted, they may act 
together, and the site of myalgia will most probably be determined by the work factor. 

The pathological physiology of myalgia is still poorly understood, and the present 
observations do not bring any new information on that aspect. 

The incidence of myalgia is evidently so high that no system of medical care or 
sickness insurance can be expected to deal with every case. In many cases the 
“patients” are not aware of this condition before palpation. If myalgia causes severe 
functional disturbances, it has, of course, to be treated, as has been customary, with 
rest, physical therapy, procaine injections, drugs, ete. 

On the other hand, since myalgia often causes considerable annoyance to the 
person affected, the patient himself should be duly informed and should be anxious 
to do something about getting rid of the affection. Propaganda for the prevention 
of myalgia with the aid of good working methods, avoidance of static work, active 
relaxation, ete., and for the treatment of the affection with suitable gymnastics and 


t References 5 and 6. 
§ References 7 and 8. 
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thermal applications should, therefore, be included in personal hygiene programs. 


The problem of myalgia belongs, in the first place, to the realm of personal hygiene 
rather than to that of curative medicine. 
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MICROSCOPIC OBSERVATIONS CORRELATING TOXICITY OF BERYLLIUM 
OXIDE WITH CRYSTAL STRUCTURE 


G. C. CROSSMON, B.S. 
AND 


W. C. VANDEMARK, B.S. 
ROCHESTER, N. Y. 


N THE YEAR 1950, Hall* and his co-workers reported a series of experiments 

to determine if acute pneumonitis resulted in laboratory animals on exposure to 
the dust of beryllium oxide. Four different grades of beryllium oxide were 
employed. Two refractory grades designated as G. C. and S. P. were obtained 
from one manufacturer, a fluorescent grade from a second manufacturer, and a 
special grade from the Beryllium Corporation of America. Animal experimentation 
showed the following results as reported both by Hall and his co-workers and by 
Stokinger :* (1) refractory grades, S. P. (firing temperature, 1350 C.) and G. C. 
(firing temperature, 1150 C.), inappreciable toxicity; (2) fluorescent grade (firing 
temperature, 1150 C.), evidence of toxicity at comparatively high levels of 90 
mg./m.* characterized by weight loss in certain of the larger species (monkey and 
cat) ; (3) special grade (firing temperature, 400 C.), toxicity which killed approxi- 
mately 30% of exposed rats at levels of 90 mg./m.* and produced weight loss in this 
and other species exposed, as well as other physiological changes. 

A further investigation was made to determine any physiochemical differences 
among the grades which might explain this apparent difference in their ability to 
cause acute pneumonitis. Spectrochemical analysis and x-ray diffraction failed to 
show any appreciable difference among the four grades, all having a purity of 97 to 
100% beryllium oxide. However, electron microscopy, particle-size, and specific 
surface-area determinations revealed differences in particle size and state of aggrega- 
tion among the four grades. Medium particle size of the fluorescent and special 
grades was of the order of 10 times smaller than corresponding values of S. P. and 
G. C. grades. Ultimate particle size was smallest in the most toxic grade (special 
grade of beryllium oxide). A further distinction was revealed by solubility deter- 
minations made on the S. P. refractory grade and the special grade, the latter being 
roughly 25 times more soluble than the S. P. grade. 

Particle-size determinations were also made on the beryllium oxide dust dispersed 
in the exposure chamber, collection of the dust being made by means of a cascade 
impactor. The average mass-median particle diameter of the S. P. refractory grade 
was found to be 0.71 », with a particle size range of 0.23 to 1.04, and of the G. C. 


From the Chemical Research Laboratory, Bausch and Lomb Optical Co. 
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refractory grade, 1.13 p, with a range of 0.69 to 1.70. Two experiments were per- 
formed with the use of the special grade of beryllium oxide. Particle-size determina- 
tions of this dust dispersed in the exposure chamber were also determined. The first 
experiment gave a mass-median pavticle size diameter of 0.47 p», with a range of 
0.16 to 2.60, and the second experiment, a mass-median diameter of 0.59 p, with a 
range of 0.35 to 0.86. The mass-median particle diameter of the fluorescent grade 

fas not definitely stated, owing to the fact that distribution of particles was atypical. 
However, since 90 to 96% of the cumulative mass of particles were less than 1.1 p 
medium diameter and 41 to 47% were below 0.7 p, the mass-median particle diameter 
of this grade was judged to be well below 1.0 p. 

Experimentation on the physiochemical properties of the four grades of beryllium 
oxide was continued in our laboratories to determine if beryllium oxide, like free 
silica, existed in several forms differing in refractive index and birefringence. This 
conjecture proved to be true and is easily and colorfully demonstrated by the “dis- 
persion staining” technique * employing the dark-field and polarizing microscopes. 


PREPARATION OF SPECIMENS 


The four samples were first mounted in index liquids, ranging in refractive indices from 1.70 
to 1.73, prepared from alpha-bromonapthalene and methylene iodide. A liquid of 1.719 at 25 C. 
was finally chosen as suitable for differentiation of the four grades of beryllium oxide by the 
dispersion staining technique. The special grade was also mounted in an index liquid of 1.647, 
consisting of a mixture of alpha-chloronapthalene with alpha-bromonapthalene. Samples were 
dispersed in index liquids in the following manner. A drop or two of the index liquid is first 
placed on a slide and then a small amount of the beryllium oxide added. The sample is then 
thoroughly mixed with the index liquid by means of a dissecting needle or similar instrument 
and a coverglass applied. The refractory grades and the fluorescent grade were quite readily 
dispersed by this method; but the special grade usually showed many aggregates, and pressure 
on the coverglass was necessary to break into smaller particle size. 


MICROSCOPIC EXAMINATION 


Specimens thus prepared were first examined by the dispersion staining method. 


This technique is based on the use of the dark-field microscope for the examination 
of objects mounted in an index liquid equal to or close to their index for sodium light. 
As observed by dark-field illumination, objects differing widely in index from the 
mounting medium appear white, owing to the refracted and reflected light entering 
the microscope objective. If the difference in index between the object and the 
immersion liquid is small, certain portions of their dispersion curves will approach 


coincidence, and light of the corresponding wave lengths will be transmitted straight 
through or slightly refracted oblique to the optic axis of the microscope and thus not 
enter the objective. The remaining light, for which the object and the immersion 
liquid differ to a greater extent in index, is refracted and reflected into the objective. 
The eye thus sees the object as colored, the color being the result of the subtraction 
of the wave length passing straight through or slightly refracted from white light. 
Objects equal to the index liquid appear predominately blue with a trace of red; 
objects slightly above show a greater amount of red, and as the difference in index 
above increases, the red is replaced by orange, followed by yellow, with a final change 


* References 3 to 10. 
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to white. Objects slightly below the index liquid appear a pure dark blue. Further 
differences in index below are indicated by the replacement of the dark blue with 
light blue, followed by a pure white. Since white indicates a refractive index either 
considerably above or below, the Becke line method of determining refractive index 
must be employed. Detailed information concerning this latter method is given in 
many textbooks of mineralogy and by Chamot and Mason."' In the case of birefrin- 
gent material, additional identifying colors can be obtained by use of a cap analyzer 
over the eyepiece of the microscope. Double refracting particles, mounted in an index 
liquid close to one of their indices for yellow light, will show a change in color when 
the analyzer is rotated 90 degrees. Single refracting particles exhibit no change in 
color on rotation of the analyzer. 


Figure 1 


The microscope equipment used for dispersion staining has been previously + 
described in detail and thus is only briefly mentioned in this paper. An achromatic 
condenser (N. A. 0.59), in combination with a 10.25 mm. (N. A. 0.40) objective 
and 10 X eyepiece, gave very satisfactory results for all four grades of beryllium 
oxide. However, for the smaller particle size present in all grades, a 20 X hyper- 
plane eyepiece should be substituted for the usual 10 X eyepiece, and a 43 X or 
45 X achromatic objective, equipped with funnel stop ¢ to reduce its numerical aper- 
ture to 0.39, should be substituted for the 10.25 mm. objective. 

The four grades of beryllium oxide were also examined by means of the polariz- 


ing microscope. A petrographic-type microscope is not necessary. Any microscope 


+ References 3 to 10. 


t This size funnel stop is not at present commercially available. 
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Figure 2 


Figure 3 
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with a circular rotating stage, strain-free objectives, polarizer, and analyzer is satis- 
factory. A selenite plate (tint plate) for detecting weak birefringence is desirable 
but not absolutely necessary. As observed with the polarizing microscope, the G. C. 
(Fig. 1) and the S. P. refractory grades consisted of strongly double refracting 
particles. There was no evidence of the presence of single refracting forms. The 
fluorescent grade also contained strongly refracting particles but of a smaller particle 
size and different morphology, appearing as short, pointed, bright rods (Fig. 2). 
In Figure 2 a large part of the microscope field appears to be relatively dark, con- 
trasting with the bright double refracting beryllium oxide particles. Part of this 
darkness is due to beryllium oxide particles that are oriented at their point of extine- 
tion. However, there appear to be a small percentage of particles in the preparation 


Figure 4 


that are either single refracting or very weakly double refracting. The bright 
particle at the lower center of Figure 2 is a S. P. refractory grade particle that was 
purposely introduced into the field for comparison. Figures 3 and 4 represent the 
results obtained with the special grade that proved to be more toxic than the fluores- 
cent grade. As explained under preparation of specimens, some difficulty was 
incurred with reference to the formation of aggregates, as shown in Figure 3. When 
pressure was exerted on the coverglass, aggregates were partly broken up, as shown 
in Figure 4. This grade consisted largely of single refracting particles, with a very 
small percentage of very fine double refracting material. Again, the bright particle 
near the center of the field in Figure 4 is an S. P. grade particle introduced for 
purpose of comparison. Its large size and irregular outline are partly due to an 
out-of-focus image. 
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As observed by the method of dispersion staining, the G. C. and S. P. refractory 
grades in an index liquid of 1.719 at 25 C. appeared blue, with a large amount of 
red indicating a slightly higher “average” refracting index than 1.719. With the 
employment of plane polarized light for illumination, the ordinary ray was found to 
be approximately 1.72 and the extraordinary ray, 1.73. The fluorescent grade in 
the 1.719 index liquid contained particles having the same color (they appear as the 
short, pointed, bright rods in Fig. 2) as the refractory grades and thus the same 
approximate indices. In addition there was present a slightly greater percentage 
of particles (they appear as the indefinite gray background in Fig. 2) of a pure dark 
blue coloration, indicating a slightly lower index than 1.719. The special grade in 
the 1.719 index liquid consisted of light blue and white particles which were con- 
siderably below 1.719 in refractive index, the white particles having a still lower 
index than the light blue. An additional check with lower index liquids served to 
show that many of the particles of the special grade were equal to, slightly above, 
or slightly below 1.647 in index as indicated by the colors, blue with a trace of red, 
blue with a large amount of red, and a pure dark blue. A small percentage of white 


particles were present, which were found to have an index even lower than the 
pure dark blue. 


SUMMARY 


Four samples of beryllium oxide designated as G. C. and S. P. refractory grades, 
fluorescent grade, and special grade were examined microscopically by use of the 
polarizing microscope and the technique termed dispersion staining to determine 
whether or not the four samples showed differences in birefringence and refractive 
index which might be correlated with differences in toxicity. It was observed that the 
refractory grades were identical in birefringence and refractive index, consisting 
only of double refracting particles having indices of approximately 1.72 for the 
ordinary ray and 1.73 for the extraordinary ray. The fluorescent grade contained 
many particles which appeared to be identical to the refractory grades both in indices 
and in birefringence but were smaller and rod-shaped. Also present in a somewhat 
higher percentage were particles having a slightly lower index. The special grade 
contained none of the particles observed in either the refractory grades or the fluores- 
cent grade; all particles had much lower indices and were for the most part single 
refracting. Apparently beryllium oxide, dependent on the method of manufacture, 
can exist in several stable forms differing in refractive index, birefringence, and 
toxicity, the lower index material with little or no birefringence being the most toxic. 
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CARCINOGENIC STUDIES ON ADSORBATES OF INDUSTRIALLY 
POLLUTED RAW AND FINISHED WATER SUPPLIES 


W. C. HUEPER, M.D. 


BETHESDA, MD. 
AND 


C. C. RUCHHOFT, B.S. 
CINCINNATI 


HE PAST studies concerning actual or potential cancer hazards for the general 

population connected with a pollution of the human environment by carcino- 
genic industrial wastes have predominantly dealt with air pollutants and their 
possible causal relation to cancer of the lung and the recent rise in the incidence 
of these tumors.* While there have been from time to time reports on the occurrence 
of cancers of the skin among persons consuming foodstuffs, especially wine, con- 
taminated with arsenical insecticide residues, an endemic appearance of such cancers 
due to the consumption of drinking water polluted with arsenicals has been recorded 
from Reichenstein, Silesia, and from Cordoba, Argentina.+ In Reichenstein the 
arsenic which entered the drinking water supply originated from bodies of water 
seeping through arsenic-containing slag heaps of mines, while in Cordoba the 
drinking water has a naturally high arsenic content. 

In 1942 one of us (W. C. H.),* in discussing the various sources of potential 
environmental cancer hazards, called attention to the pollution of water supplies 
through the discharge of wastes from chemical factories, paper plants, cellulose 
manufacturing establishments, gas works, rayon plants, textile dyeing plants, tan- 
neries, steel plants, oil refineries, and similar industrial establishments, and to the 
introduction of tarry substances from freshly tarred or oiled roads into the rain 
water or of arsenicals used for the spraying or dusting of fields, orchards, and woods 
or released from copper smelters into the air and thence carried down by the rain, 

A practicable approach to an experimental study of potential carcinogenic hazards 
related to the pollution of drinking water supplies with industrial wastes became, 
however, only recently possible, when during an investigation of the causes of 
objectionable tastes and odors in drinking water supplies tarry materials in amounts 
adequate for long-term bioassays were eluted from activated carbon filters through 
which large quantities of raw and finished water had been filtered. 


From the National Cancer Institute (Dr. Hueper) and the Sanitary Engineering Center 
(Mr. Ruchhoft), Public Health Service, United States Department of Health, Education and 
Welfare. 

*Hueper, W. C.: Environmental and Occupational Cancer of the Lung With Special 
Reference to Pneumoconiosis, Proceedings of the Seventh Saranac Symposium on Pneumo- 
coniosis, Saranac Lake, N. Y., 1952, to be published. 

+ References 1 to 3. 
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TECH NICAL 


AND CHEMICAL DATA 


Source of Samples —Samples of eluates from carbon filters which were operated 
on four different types of waters or effluents were used for these studies. These 
samples are designated as follows: 


Sample Type of Water or Waste 
A Gravity oil separator effluent from a petroleum refinery. 
B Raw water from a canal polluted primarily with the wastes from petroleum refin- 


ing, not used directly as a water supply. 
€ Raw water supply of Nitro, W. Va., using the Kanawha River as a source of 
water. The waste effluents from a large number of chemical manufacturing plants 
enter this stream above the city. 
D Finished water supply of Cincinnati, using the Ohio River as a water source. 
This river receives domestic and industrial pollution in large amounts. 


Samples A and B were collected by passing the oil separator effluent and canal water 
through carbon for approximately one month in the winter. Samples C and D were 
collected over a period of one year and were supplied in small increments as the 
study advanced. 

Concentrations of Organic Materials in the Waters Tested.—Recoveries of 
organic materials from wastes similar to Type A ranged from 10 to 100 or more 
ppm. A total of 0.5 ppm of organic material was recovered from Sample B. The 
range of concentration of the material recovered from Sample C was 0.1 to 3 ppm. 
This water is treated extensively for removal of taste and odor, and the concentra- 
tion of organic materials in the finished water is usually 50% less than the concen- 
tration of the materials in the raw water. Recoveries from Point D usually amounted 
to a concentration of 0.1 to 1 ppm of organic substances. The carbon-filter method 
is not quantitative, and the recoveries obtained were no doubt lower than the actual 
concentrations of materials in the water examined. 

Chemical Data.—Sample A: The sample as recovered from the carbon was a 
black, foul-smelling liquid. Separation of the material by differential solubility 
methods showed the principal group of materials to be neutral compounds. Further 
chromatographic separation of this group and infrared tests indicated that approxi- 
mately 75% of the material was aliphatic hydrocarbons and 20% aromatic hydro- 
carbons. Sulfur compounds and oxygenated materials made up the remainder of the 
material. Other classes of materials separated from the total sample included phenols, 
organic acids, and bases. Highly volatile materials were lost by this technique. 
Details of the methods for studying oil waste materials for taste and odor com- 
ponents have been presented by Ruchhoit and associates. 

Sample B: This material consisted of hydrocarbon materials shown by infrared 

5 and other tests to originate from refinery wastes. Oxygenated compounds were 
shown to be present in substantial quantities in this sample. The neutral compounds 
constituted 66% of the material extracted. Chromatographic separation of this mate- 

° rial yielded 33% aliphatics, 31% aromatics, and 13% organic acids, esters, ketones, 

and similar materials. This sample was known to contain refinery wastes. 


t Ruchhoft, C. C.; Middleton, F. M.; Braus, H., and Rosen, A. A.: Taste and Odor Pro- 
ducing Components in Petroleum Refinery Gravity Oil Separator Effluent, presented before 
123d National Meeting of the American Chemical Society, Los Angeles, March, 1953. 
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Sample C: This material occurred in the raw water in varying amounts and 
also varied in composition. The individual components of this material are not 
known, but the general nature of the materials has been determined. Infrared tests 
indicated that a variety of substituted benzene compounds were present in this 
material. Strong carbonyl absorption further indicated the presence of oxygenated 
materials, such as organic acids, alcohols, ketones, or esters. On some of the samples 
an unusual absorption band indicated triple-bond materials. Such absorption char- 
acteristics are considered due to the presence of organic cyanogen compounds or 
acetylene compounds, It was concluded from the infrared spectra and other data on 
these samples that the material found was a diverse mixture of organic materials, 
resulting primarily from the discharge of wastes from chemical manufacturing plants. 
The oxygenated portion of the material resembled that found in numerous waters 
and was not necessarily connected with industrial pollution. 

Sample D: Little is known of the composition of this sample. Organic acids, 
esters, phenols, and small amounts of hydrocarbons are present. The Ohio River at 
Cincinnati, from which this sample was taken, contains domestic sewage and indus- 
trial wastes in substantial quantities. No large discharges of these materials occur 
in the immediate vicinity of the water plant. In the fall months algae may be present 
in large concentrations in this water. The extract was recovered from the tap water. 
This water receives break-point chlorination and the usual coagulation and filtration 
processes. On the basis of evidence presently available, it is believed that the extract 
consisted primarily of products of biological origin and secondarily of products of 
industrial origin. Whether the products may represent the action of microbiological 
life or of industrial wastes has not been ascertained. 


EXPERIMENTAL PROCEDURES AND OBSERVATIONS 


The experimental procedures followed in testing these adsorbates were identical for three of 
the materials studied (Cincinnati finished water [D], oil refinery separator effluent [A], and 
Nitro raw river water [C]) which were available in sufficient amounts. The total supply of 
the fourth adsorbate (ship canal raw water [B]) did not exceed 30 cc. and, therefore, permitted 
only testing on a limited number of animals and for a relatively short period of time. 

The first three adsorbates were applied with a pipette twice a week to the dehaired skin of 
8- to 10-week-old C57 black male mice. At each application, one drop of these materials was 
spread over an area of about 1 sq. cm. located between the shoulder blades. There were originally 
two series of 40 mice employed in the testing of each of these adsorbates. One set received 
the adsorbate in an undiluted form, while for the second set the adsorbate was diluted with equal 
parts of methyl ethyl ketone. This regimen was followed for the first five months, when the 
surviving animals of both sets were combined into one set and all were painted with the undiluted 
adsorbate until the end of the experiment some 12 months later, when all survivors were killed 
for necropsy and histologic examinations. 

The series of C57 mice receiving applications of the ship canal water adsorbate (B) con- 
sisted of only 30 C57 male mice. The treatments were given for four months, at which time 
the supply of adsorbate was exhausted. The mice were kept under observation for the remaining 
14 months, when the survivors were killed. 

The C57 mice used were from the regular stock bred at the National Cancer Institute, and 
the diet given to the experimental groups and the controls was Purina Mixed Chow. The mice 
were dehaired by means of clippers before each application of the adsorbate. 


A control group of 25 mice received twice a week one drop of the diluent, 
methyl ethyl ketone, for a total period of 4 months, when further treatments were 
discontinued because of the development of severe chemical burns, and the remaining 
animals were kept under observation for an additional 14 months. 
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All dead animals were subjected to postmortem examination except those which 
were cannibalized or decomposed. The tissues of all dead animals which showed 
macroscopically demonstrable pathologic changes were studied histologically for the 
determination of neoplastic and toxic reactions. 

The applications of the various adsorbates were not toierated well during the 
first six months of the experiment. The mice became severely emaciated, and can- 
nibalism was frequent. The treatments, therefore, were temporarily discontinued for 
about one month at that time to permit an adequate recovery of the mice from the 
toxic effects of the adsorbates. 

There was a progressive loss of hair in all animals of all series, including the 
controls, as long as the test materials were applied. These changes were somewhat 
more pronounced in animals receiving the undiluted absorbates than in those given 
the diluted ones. There was, moreover, in many of the mice treated for longer periods 


Death Distribution and Neoplastic Reactions 


No. of Mice Months 
Adsorbate Series Histology 14 56 7-8 10 11-12 13-14 15-16 17-18 
(D) Cineinnati finished 23 4 PI 15 nN 10 9 
water Amyloid S15 LS K2 
deaths 6 8 7 s WwW 2 6 
(A) Oil refinery sepa- 80 38 P3 Pra Cal Pl 
rator effluent | Amyloid $l L7 Ki 
{ Deaths TH) 0 4 5 4 2 4 1 
(B) Ship canal water * 30 Neoplasm Ce 
| Amyloid $6 L3 
water | Amyloid $29 LIS K5 


13 Deaths 5 ll 4 


3 


Methyl ethyl ketone 
Control 


w 


* Receiving oil refinery waste effluents. 
P-—papilloma; Pr—preecancerous hyperkeratosis; Ca—squamous-cell carcinoma. 
S spleen; L—liver; K-—kidney. 


a considerable thickening of the skin, which also became dry and scaly. Some of the 
mice developed shallow ulcers frequently covered with crusts and appearing during 
the latter half of the experimental period. A few of the mice given adsorbates of the 
oil refinery effluent and of the canal water developed small verrucous or horn-like 
excrescences, which appeared rather late during the experimental period. Some 
of these epidermal proliferations proved to be papillomas and squamous-cell carci- 
nomas upon histologic examination, while others displayed structures found in pre- 
cancerous hyperkeratoses (Figs. 1 to 4}. The incidence and time of occurrence 
of these proliferative lesions are presented in the Table. 

Special mention may be made of the fact that mice painted with the adsorbate 
of the finished water of Cincinnati showed for many months a dark bluish dis- 
coloration of the skin, which, however, decreased in intensity during the latter part 
of the experimental period. 


The postmortem examination of the mice revealed in the older animals often 
contracted granular or small-nodular kidneys, which, however, were sometimes 
abnormally large and had a peculiar translucent appearance and light-brown color. 
The spleens also frequently were enlarged and firm in the older animals and showed 
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Fig. 1.—Papillary hyperkeratosis of the skin in a mouse painted with adsorbate of raw water 
from the Indiana Harbor Ship Canal (B). 


Fig. 2.—Broad-based papilloma in a mouse treated with ship canal water adsorbate. 
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Fig. 3—Epidermal hyperplasia and derangement of cells resembling a carcinoma in situ in a 
mouse painted with ship canal water adsorbate. 


Fig. 4.—Deeper portions of a squamous-cell carcinoma of the skin originating from an epi- 
dermis showing marked and extensive hyperplasia (ship canal [B] series). 
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a reflecting surface. In some of the animals the livers were enlarged, of pale color, 
and of firm consistency. Pulmonary inflammatory reactions were commonly observed 
among both young and old animals which died spontaneously. Many of the mice 
with enlarged and firm abdominal organs revealed at histologic examination amyloid 
depositions, which not infrequently were very extensive. These amyloidotic altera- 
tions occurred particularly early during the experiment and in an especially severe 
form in the mice treated with undiluted adsorbates of the raw river water of Nitro, 
W. Va., (C) and of the finished water of Cincinnati (D) and therefore may reflect 
to some degree a strongly toxic systemic action of these materials. 

It appears from observations made that the effluents of the separator of the oil 
refinery (A), in their original form as well as diluted by water of the ship canal (B) 
into which they were discharged, contained carcinogenic chemicals, since both 
papillomas and carcinomas were found among mice to which the adsorbates were 
cutaneously applied over periods of many months. The presence of a single papilloma 
among the mice treated with an adsorbate of the finished Cincinnati water (D) 
may or may not indicate the presence of cellular growth-promoting substances in 
this drinking-water supply. No tumors, on the other hand, were noted in the mice 
subjected to applications of an adsorbate prepared from raw river water at Nitro, 
W. Va. (C). 

The demonstration of carcinogenic substances in water polluted with products 
of petroleum distillation is not without precedent, since Shimkin, Koe, and Zech- 
meister § recently reported the presence of 3,4-benzpyrene in extracts prepared from 
barnacles growing on pilings in San Francisco Bay where the water is contaminated 
with ship fuel oil. The subcutaneous injection of this material into mice resulted 
in the development of sarcomas in 5 out of 24 mice. These observations suggest 
that the barnacles retained and concentrated the carcinogenic chemical in their 
organism while filtering through it the water of the Bay. Whether the human 
organism consuming drinking water polluted with industrial carcinogenic hydro- 
carbons may engage in a similar activity is unknown. It is at present for this reason 
also pure speculation to reflect on the possibility of carcinogenic hazards for humans 
from the consumption of water polluted with obviously minute amounts of car- 
cinogenic material. 

It appears, moreover, from the findings reported that the chemical character 
of the pollutants released into water supplies and adsorbed to activated carbon is of 
importance in this respect, since the adsorbate of Nitro (C) apparently seemed to lack 
carcinogenic properties, While the finished water adsorbate of Cincinnati (D) also 
did not produce cancers, this isolated observation does not permit any conclusion 
as to a regular and consistent complete removal of carcinogenic pollutants from 
raw water by the ordinarily used filtration methods employed in the purification of 
drinking water, especially as raw river water of Cincinnati was not included in this 
study for comparison. The present exploratory study merely poses a problem and 
raises a number of questions which can adequately be answered only by more 
comprehensive future investigations. 

While the marked emaciation of the mice found during the early part of the 
experimental period as well as the development of cutaneous ulcers in some animals 
treated with the various adsorbates does not leave any doubt of the presence of 


§ References 6 and 7. 
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toxic substances in these materials, the frequent observation of often severe amy- 
loidotic lesions in the spleen, liver, and kidney of many mice, particularly those of 
more advanced age, cannot unrestrictedly be considered as a systemic manifestation 
of their toxic,action. It appears from observations previously made in connection 
with studies on the carcinogenic action of petroleum substitutes and synthetic liquid 
fuels * that amyloidosis, as well as chronic nephrosclerosis, is not infrequently seen 
in adult and old C57 mice. The observations made in these studies, however, suggest 
that these “normal” developments may have been speeded up and aggravated in 
animals treated with Nitro (C) and Cincinnati (D) water adsorbates. 


CONCLUSIONS 
Bioassays of four eluates of carbon adsorbates of raw and finished surface water 
supplies for carcinogenic properties showed that the eluates prepared from raw 
water polluted with an oil refinery effluent were weakly positive when painted on 
the skin of mice (C57). 

Eluates prepared from raw river water polluted by various industrial wastes 
and from finished water obtained from a different but similarly contaminated source 
gave negative results. 

Since these results were obtained with materials representing adsorbates con- 
taining any active agents in highly concentrated form, it remains at present uncer- 
tain whether the observations made have any direct application to population groups 
consuming water polluted with industrial wastes. The preliminary studies indicate, 
moreover, that the chemical type of water pollutants seems to determine the kind 
and degree of tissue responses which are elicited when activated carbon adsorbates 
are applied to the skin of mice. 
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SOME PRACTICAL ASPECTS OF INDUSTRIAL NOISE MEASUREMENT 


LOUIS J. PROULX Jr., S.B. 
HARTFORD, CONN. 


NDUSTRIAL noise appears destined to take its place among the environmental 

factors requiring evaluation and control for the protection of the health and 
well-being of our industrial workers. The emergence of noise in this role has required 
many engineers—industrial hygiene, public health, insurance, and others—to acquire 
knowledge and develop techniques quite foreign to their chosen fields of endeavor. 
The broad field of industrial noise covers many branches of learning, including 
medicine, law, acoustics, electrical engineering, machinery design, and others too 
numerous to mention. To the engineer long out of college and lacking experience 
or training in electrical or radio engineering, achieving a real understanding of and 
familiarity with the various instruments used for noise measurement presents a 
problem. He may even be called upon to recommend the purchase of equipment 
without previous opportunity of learning, through actual use, the various features 
and limitations of the numerous available types. 

About a year ago the Bureau of Industrial Hygiene, Connecticut State Depart- 
ment of Health, undertook the development of an expanded industrial noise evalua- 
tion program, Notwithstanding a background in public health and industrial hygiene 
engineering work, | was given responsibility for the engineering aspects of this 
program. Much of the field and laboratory work required two men, and | had 
the able assistance of Arthur T. Heubner, another staff engineer. All the activities 
were carried out under the supervision of Louis W. Woodhouse, Principal Industrial 
Hygiene Engineer. An account of some of our experiences as the program developed 
may be of interest and help to others embarking on similar endeavors. 

The agency already possessed a General Radio Type 759-B sound-level meter 
and a narrow-band analyzer of the same manufacturer. These instruments had been 
purchased much earlier and had received limited use on occasional industrial requests 
for noise-level readings. It soon became apparent that the narrow-band analyzer 
would have rather limited use and that the first new piece of equipment should 
be the more recently developed octave-band analyzer, the General Radio Type 
1550-A being secured. It appears that damage-to-hearing criteria, when finally 
established, will be based on this type of analysis. A number of noise studies were 
made with the use of the sound-level meter and the octave-band analyzer according 
to the manufacturer's instructions, and worth-while results were obtained. These 
two instruments would undoubtedly have served to provide the required data in a 
large percentage of instances in which steady-state noise was involved. However, 
the department administrators felt that more complete instrumentation would be 


Senior Industrial Hygiene Engineer, Bureau of Industrial Hygiene, Connecticut State 
Department of Health. 
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desirable. Accordingly, a tape recorder, dynamic microphone, audio oscillator, 
vacuum tube voltmeter, high-Adelity crystal headphones, cathode ray oscilloscope, 
and a good quality loudspeaker were secured. Experimentation to become familiar 
with this equipment gave a better understanding of noise measurement and empha- 
sized the limitations and pitfalls associated with all noise-measuring apparatus. 

One of the first undertakings with the new equipment was to check the electrical 
frequency response of our sound-level meter and octave-band analyzer, using the 
audio oscillator as a source of signal fed directly to the instrument under test. Here 
we first became acquainted with the term “impedance matching,” and a study of this 
subject is recommended for anyone contemplating this type of work. Later, similar 
tests were made on the recorder amplifier and on the over-all frequency response 
of the recorder—input versus playback level. The octave-band analyzer was found 
to be very handy as a decibel meter for checking (within its own frequency limita- 
tions) the performance of other equipment. The output of equipment being tested 
is fed into the analyzer and its level adjusted to give a 0 db. reading on a 400 eps 
tone. Response at other frequencies is plotted in decibels with reference to this level. 
For this use, as well as other “over-all” measurements described later, the “20 
cycles to 10 ke.” position of the band switch is used. A 400 cps reference tone was 
chosen, since it is used for the original manufacturer's calibration of the sound-level 
meter and is in the frequency range where microphone response is nearly inde- 
pendent of the angle of sound incidence. Considerable satisfaction and assurance 
results from being able to develop one’s own response curves, since manufacturers’ 
published curves often give only “typical” or “average” characteristics. 

Of particular interest to us was development of the use of the tape recorder 
for measurement of impact noises. Meter mechanisms do not respond quickly enough 
to indicate the maximum sound-pressure levels resulting from such sources as gun 
testing, forging, etc. However, these noises may be tape-recorded and played back 
through a cathode ray oscilloscope to secure accurate results. Our recorder is a 
Magnecord I’T6A mechanism, with two-speed motor and a PT6] amplifier. A 
single track combined record-playback head is employed. We have found that use of 
the more expensive model, with a separate head and amplifier for monitoring directly 
from the tape while recording, would be of considerable value in experimental work 
as well as in the field for avoiding recording errors. Magnecord equipment was 
selected because of its good frequency response and other features necessary for 
accurate work as well as its reasonably good portability. All recording of noise is 
done at 15 in. (38 cm.) per second tape speed, while the low-speed switch position 
may be used for recording lengthy field notes at 71% in. (19 cm.) per second. The 
Magnecord amplifier has a “bridge-in” jack where the sound-level meter, octave- 
band analyzer, or other high-impedance outputs may be inserted for recording or 
amplifying. Such equipment should not be left plugged in here while recording 
through the first-stage low-impedance input. For example, we found that leaving 
the sound-level meter connected results in a 5 db. loss. Even an unconnected patch 
cord may pick up hum or the contacts on its free end may short on some metallic 
object. Another precaution relates to use of the monitor speaker, which will reduce 
both recording and playback levels about 3 db. for any given gain control setting. 
Our practice is always to record references and noise samples with the speaker off, 
a desirable practice anyhow to preclude acoustic feedback, and monitor with high 
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impedance phones. Playback of reference leveis and samples is always with the 
speaker on, With the recorder, an Electro Voice 636 dynamic microphone. is used. 
This type of microphone is quite rugged, is practically unaffected by heat and 
humidity, and permits use of long cables. 

Several field studies of steady-state noises were made with the sound-level meter 
and octave-band analyzer, a tape recording being made simultaneously. The two 
microphones were located side by side for these tests..In addition, a recording of 
the noise would be made by connecting the sound-level meter output to the 
“bridge-in” jack on the recorder. For each recording, the gain control was set for 
proper recording level, as shown by the volume unit (VU) meter. Back in the 
laboratory, the 600 ohm output of the recorder was fed into the octave-band analyzer, 
the analysis proceeding as in the field. A sample of one or two minutes has been 
found adequate after some proficiency is acquired. If necessary, the tape can be 
wound back and replayed. Although found to give accurate analyses, this method 
requires a sound-level-meter reading of over-all sound-pressure level from which 
to subtract the minus decibel values read from the analyzer. 

To achieve maximum utility from the recorder, a method for securing absolute over- 
all levels from the tape was desired but would require means for resetting the recorder 
gain control accurately. The control provided is continuously variable, so a make- 
shift detent mechanism was put under the pointer and the decibel values between 
steps measured by playing a recorded constant-level steady tone through the octave- 
band analyzer and noting the values on the meter for each position. The next step 
was to record one minute of a 90 db. 400 eps tone at the beginning of each field tape. 
It so happened that Position 4 on the altered gain control gave proper recording 
level for this sound. To record the note, the loudspeaker was set up on the roof of 
the building, at a 45 degree angle to avoid reflected sound, with the sound-level 
meter and recorder microphones equidistant from it. Input to the speaker was 
adjusted to give a 90 db. sound-level-meter reading while the reference recordings 
were made. Difficulty is experienced with standing waves if this is attempted indoors, 
unless a “dead room” is available. In the field, the reference tone is “listened 
through” before recording samples. A gain position is selected to give proper 
recording level and is announced onto the tape along with other sampling data. In 
the laboratory, upon playback through the analyzer, the analyzer decibel meter is 
zeroed on the 90 db, note, and a plus or minus value is noted as the unknown noise 
comes through. The over-all level of the unknown is then this value, plus 90, plus or 
minus a correction for the gain control setting below or above 4. For the analysis, 
the analyzer may be reset to zero on the over-all noise, or the minus readings may 
be corrected with reference to the 90 db. level setting. The latter is the simplest 
procedure when there are many samples on a single reel of tape. The method out- 
lined has given results generally within plus or minus | db., and on the strength of 
this a Daven Type CP-130-Y attenuator, with thirty 2 db. steps, was ordered to 
replace the original control, since our makeshift arrangement had irregular frac- 
tional steps and might not retain its accuracy. The new control has now been 
received and installed and makes the above procedures easier and more certain. 

One of our field contacts pointed out that we might be placing too much reliance 
on the recorder amplifier. We had already recognized that transportation of the 
equipment might affect it but were not sure of the best checking method. We finally 
decided to use alignment tape for a dual purpose. The tape is placed on the machine 
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in the laboratory before going in the field and run half through, during which time 
the head is aligned. When in alignment, a particular gain setting will give a definite 
VU meter reading if the amplifier is functioning properly. In the field the same 
procedure is checked through on the remaining half of the tape. 

For sound-pressure levels of about 110 db. and higher, depending on the 
microphone used, the recording level can not be kept down to the desired VU value 
with either the original gain control or the Daven attenuator, since this strong 
signal has already received one stage of amplification. To overcome this difficulty, 
we constructed a separate attenuator for use in the microphone circuit. A diagram 
of the unit is shown in Figure 1. The two-wafer rotary switch and 4% watt carbon 
resistors are placed in a 4 by 4 by 2 in. (10 by 10 by 5 em.) box which is attached 
to the recorder amplifier by a detachable bracket. The 200 ohm impedance-matching 
resistor is mounted inside the Cannon connector which connects the attenuator to 
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Fig. 1.—Circuit diagram of attenuator constructed for use in microphone circuit when tape 
recording high-level industrial noise. 


the microphone input of the amplifier. The microphone cable attaches to a suitable 
connector on the attenuator. With no series resistance in the circuit, 5 db. attenu- 
ation results from the impedance-matching shunt resistor, while successive steps 
introduce 9, 12, 17, 21, 26, 30, 34, 39, and 45 db. attenuation, respectively. Interest- 
ing logarithmic gymnastics might give the resistor values necessary for nice even 
steps of 5 or 10 db. The frequency response of the recorder is somewhat affected 
at the higher attenuator settings but is not serious up to about 20 db. With a step 
attenuator such as the Daven on the recorder amplifier, this external attenuator 
might be made with possibly only three 10 db. steps to secure an adequate range. 
We have not investigated it, but a commercial unit for this purpose may be available. 
Correction numbers for frequency response might then be developed if necessary. 

The chief purpose of adapting the tape recorder to noise-measurement work, as 
previously mentioned, was to permit accurate measurement of impact-type noise. 
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Recorded noise of this type is played back by the “loop” technique. A single sound 
is cut from the sample and spliced into a continuous loop 4 or 5 ft. long. A sup- 
port with adjustable pulleys was constructed to hold she loop taut during 
playback. The set-up for this purpose is shown in Figure 2. The 90 db. reference 
tone is used to set the oscilloscope vertical gain prior to introducing the unknown 
from the loop. Interpretation of the height of pattern to give the desired decibel 
value is according to data given in the “Handbook of Noise Measurement”! after 
corrections are made for attenuator settings during recording and playback. 

The most desirable oscilloscope for noise-measurement work costs several 
hundred dollars and incorporates a Land camera attachment, very slow horizontal 
sweep rate, and other refinements. However, satisfactory work can be done with 
any reasonably good 5 in. “scope” with application of some ingenuity. Our “scope” 


Fig. 2.—Laboratory setup for analyzing tape-recorded noise with either the octave-band ana- 
lyzer or cathode ray oscilloscope using a continuous tape loop. The microphone attenuator, used 
only in the field, is also included to show its method of mounting at the upper right-hand corner 
of the recorder amplifier, 


has a minimum internal sweep rate of 15 cps which traverses the screen more than 
once during an impact noise with any appreciable reverberation time. To secure a 
slower sweep rate, an external sweep generator was made, as shown in Figure 3. 
Shorting the “triggering” terminals discharges the condenser, after which it builds 
up to battery voltage again. This increasing voltage is used as the horizontal sweep. 
Some control of the sweep time is secured through use of the variable resistor. The 
“trigger” terminals are about 4% in. (0.3 cm.) apart and are supported in a fashion 
to contact the back of the tape loop at any convenient point. General Cement Manu- 
facturing Company's ‘“Television Tubekoat,” a conducting material, is applied to 
about 1 in. (2.5 cm.) of the tape at the location of these terminals, with the noise 
on the playback head. This position of the loop is found by listening while moving 
the tape slowly by hand. Means is provided to adjust the location of the terminals 
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laterally along the tape so that exact synchronization may be secured and the pattern 
centered on the screen with the tape in motion. Polarity of the battery must be 
observed to cause left-to-right sweep motion. Condensers do not charge linearly, 
and so a photograph of a swept 60 cycle sine wave should be made, along with 
photographs of noise patterns, to secure a calibration of the horizontal, or time, 
axis. Our photographs are taken on 35 mm. film in a partially darkened room. 
The camera shutter is opened and closed manually to “catch” one appearance of 
the trace on the screen. 

It is also quite practicable to drive the narrow-band analyzer from tape-recorded 
noise. Pitched components may thus be detected and measured. 

Every worker in the noise-measurement field discovers sooner or later, either 
from his reading or from experience, that the microphone is the weakest link in 
° the measuring-equipment chain. Each of us would like to have an individually 
calibrated microphone so t 


hat corrections could be applied to our results for fre- 
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Fig. 3—Circuit diagram of the external sweep generator triggered by shorting terminals 
contacting uncoated side of tape loop. 


quency response of our particular microphone. Unfortunately, very few people in 
this work have access to a suitable source of variable frequency sound, or to a 
frequency-calibrated microphone to use for calibration purposes, or to a suitable 
acoustically dead room in which comparison tests could be made. Thus, we are 
generally forced to accept the results given by our sound-level meters with the 
microphones supplied. These data can be in considerable error, especially at the 
higher frequencies, and still meet the requirements of the “American Standard for 
Sound-Level Meters.” Because electrical calibration tests of our equipment show 
negligible error, differences between direct analyses of steady-state noises and those 
made from simultaneous tape recordings are ascribed to the difference in micro- 
phone response. We have made many comparative field studies of this type on noises 
of various spectra, enabling us to apply octave-band correction numbers to data 
obtained from tape using data from the sound-level-meter microphone as a standard. 
These correction numbers have been necessary only in the lowest and in the top 
three octave-bands and generally do not exceed + 3 db. It is hoped eventually that 
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we will have an opportunity to make comparative field studies using a number of 
sound-level meters. The data developed may make it possible to approach more 
closely absolute accuracy in our noise measurements. 


There are many other practical difficulties associated with noise measurements, 
whether made directly or through the use of tape recordings. A very useful source 
of information is the General Radio Company’s “Handbook of Noise Measurement” 
mentioned earlier. Of great practical value is information found in the paper, “Indus- 
trial Noise Measurements—Science or Art?,” by C. R. Williams and J. R. Cox Jr. 
(Proceedings, Third Annual National Noise Abatement Symposium, Chicago, 
Oct. 10, 1952). 

To the engineers engaged in the various phases of industrial health work, evalua- 
tion of industrial noise presents an interesting challenge, for it offers an opportunity 
to explore new fields while still permitting the application of established principles 
for detection, evaluation, and control of industrial hazards. 

1. Peterson, A. P. G., and Beranek, L. L.: Handbook of Noise Measurement, Cambridge, 
Mass., General Radio Co., 1953, p. 62. 
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ADSORPTION OF PROTEIN ON SILICA SURFACES 


P. F. HOLT 
AND 
J. E. L. BOWCOTT 
READING, ENGLAND 


HIEN A silica particle reaches the tissues, it comes into contact with a fluid 

which is rich in protein. King and Dale ' have shown that proteins are adsorbed 
onto silica surfaces from cerebrospinal fluid, ascitic fluid, and serum. This paper 
describes experiments designed to show whether this adsorption process is likely to 
be of importance in the reaction of the tissues to the dust. A study has been made 
in some detail of the adsorption onto silica dust of serum albumin, the protein which 
is most abundant in the plasma. 

King and Dale studied adsorption at only one solid-solute ratio and did not 
extend their investigation to provide adsorption isotherms. They measured adsorp- 
tion by estimating the protein on the surface of the treated silica rather than the 
decrease in the concentration of the dissolved protein. The former method suffers 
from the disadvantage that it is impossible to separate the solid completely from the 
liquid phase by centrifuging, and the solution which inevitably contaminates the 
silica may sometimes contain larger amounts of protein than are adsorbed. The 
liquid cannot be removed by washing without introducing inaccuracies, since the 
adsorption process is reversible, and consequently we have relied on measurements 
of the change in the concentration of the dissolved protein. 

To obtain a large adsorbent area, fine dust must be used, and complete separation 
of the dust from the liquid by centrifuging is impossible. Since a small amount of 
suspended silica introduces appreciable errors, the estimation of the dissolved protein 
by measuring refractive indices or ultraviolet absorption or by colorimetric methods 
proved unsatisfactory. Albumin is a surface-active substance, and when a drop of its 
solution is placed onto a water surface it spreads to form a monolayer. The area to 
which the albumin spreads is a measure of the mass of albumin present, and this 
technique was used to determine the albumin concentration in the several solutions. 


MATERIALS 


Bovine Serum Albumin.—Crystalline bovine serum albumin was obtained from Armour 
Biochemicals, Limited. It was hygroscopic, and the water content, estimated by drying the 
sample at 55 C., was found to be 8%. The values calculated from the film areas allow for this. 

Silica—The silica dust was prepared from pure vitreous silica which was ground by self- 
abrasion in a rubber-lined tumbling-box. A stream of air, which was first filtered through 
a cotton wool pad, was passed through the tumbling-box and then over a series of baffles, so 
that particles of approximately the same size range were deposited in a particular compart- 


From the University of Reading. 
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ment. Most of the particles were between 1 and 2 although some much smaller particles 
were also included, The surface area, as measured by the Brunauer, Emmett, and Teller 
(B.E.T.) method of nitrogen adsorption, was 2.9 sq. m. per gram. 

Buffers—The buffers used were 0.025 M phthalate, phosphate, or borate, depending on the 
pH range, and these were prepared according to the method of Clark and Lubs.? 


METHOD 


Variation of the Amount of Albumin Adsorbed with the Concentration of Dissolved Albu- 
min.—Into each of several tubes were placed buffered serum albumin (10 ml.) at a number of 
concentrations up to 125 mg. per 100 ml. and the powdered vitreous silica (1 gm.). The tubes 
were sealed and rotated slowly in a thermostat at 25(C. for 24 hours. They were then broken 
open, and the silica suspension was centrifuged down. The concentration of the protein in the 
supernatant liquid was estimated by the method described below. 


25 

z 

oO 

N 

$ ° 
re) 
z 

@ 

< i. 

Vv 

z 

= 

< 

L ! | i | 
.8) 20 40 60 80 100 120 


Chart 1.—Isotherms relating to the adsorption of bovine serum albumin onto a silica surface. 


Since it was possible that the reduction of the protein concentration may have been due 
partly to denaturation occurring during the course of the experiment, other tubes, each con- 
taining a similar concentration of protein solution but no silica, were similarly rotated. The 
losses of dissolved protein from these tubes were very small. They were deducted from the 
observed concentration change in the silica-treated solution. 

Adsorption isotherms were obtained at pH 7.4 and at pH 5.4. 

Variation of the Amount of Albumin Adsorbed with pH.—Buffered solutions of albumin at 
a concentration of 10 mg. per 100 ml. were prepared at a number of pH values. Silica (1 gm.) 
and protein solution (10 ml.) were placed in each tube, and the adsorption was determined. The 
pH of every solution was checked with a glass electrode before and after each experiment. 

Estimation of Dissolved Protem—A Langmuir-Alexander trough was used. The trough 
was filled with 0.1 N hydrochloric acid. To the protein solution (1 ml.) was added isopropanol 
(1 ml.), and a small, measured volume of the mixture was dropped onto the surface of the 
acid. The area of the protein monolayer was measured at a pressure of 3.5 dynes per centimeter. 
The method was standardized by spreading albumin solutions of known concentrations. Each 
value plotted in the charts is the mean of three measurements. 
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RESULTS 

In Chart 1 the mass of protein adsorbed onto the surface of a unit mass of silica 
at two pH values, 5.4 and 7.4, is plotted against the equilibrium concentration of 
dissolved protein. The mass adsorbed increases proportionally with the rise in solu- 
tion concentration up to a limiting value. Beyond this point no further adsorption 
occurs, showing that all available adsorption sites are filled. Since the slopes of the 
isotherms are linear below the limiting value, the ratio of the protein concentration 
at the solid surface to the protein concentration in the surrounding solution is a 
constant at any one pH. This constant is the equilibrium constant & for the reaction 


Albumin = Albumin 
solution surface 


(assuming that the activity coefficients are the same in both phases), so that 


k Albumin concentration at surface 
Albumin concentration in solution 
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Chart 2.—Variation of the amount of bovine serum albumin adsorbed onto a silica surface 
with variation in pH. 


The dependence of the slope of the isotherms—that is, k—on the pH was investi- 
gated by plotting the adsorption at the constant equilibrium concentration of 5 mg. 
per 100 ml. against a wide range of pH values (Chart 2). (Since a particular 
equilibrium concentration cannot be predicted, the adsorption was studied at approxi- 
mately that value and then computed to 5 mg. per 100 ml.) Chart 2 shows that 
adsorption is at a maximum between pH 5 and 6. 


COMMENT 

Under the conditions of these experiments, albumin is adsorbed to a silica surface 
maximally between pH 5 and 6. This region is near to the isoelectric point of 
albumin, usually given the value 4.9, an observation which confirms that of King 
and Dale.? At the pH of the tissues, 7.4, the equilibrium value is lower. 

The concentration of albumin in serum normally lies between 4.5 and 7 mg. per 
100 ml.; hence, since the plateau of the curve for pH 7.4 in Chart 2 represents the 
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mass of protein adsorbed when all the adsorption sites on the silica surface are filled, 
less than one-tenth of the surface will be covered when the dissolved protein con- 
centration is 6 mg. per 100 ml. 


The dissolved protein is in dynamic equilibrium with that adsorbed on the quartz 
surface. It follows that the adsorbed protein can have no effect on the amount of 
silica which will dissolwe when a mass of quartz is extracted with a given mass of 
serum. The amount of protein adsorbed is also too small to affect appreciably even 
the rate of solution of the quartz, This explains the observations made by King and 
Dale, who used serum diluted 10 times with isotonic saline as the liquid phase and 
found that the adsorbed protein had no effect on the solubility of the powder. 

It is concluded that a quartz surface is not sufficiently altered by adsorbed 
albumin to affect appreciably either the rate of solution of the quartz in serum or 
the type of surface presented to the phagocytes. Moreover, since the values given by 
King and Dale for the adsorption of proteins from diluted serum by silica are of the 
same order as those we obtained for albumin (identical values would not be expected 
because protein adsorption is affected by salt concentration and temperature ), there 
can be no doubt that the less abundant proteins of the serum are equally ineffective. 

The reports of Paic and Deutsch * on the adsorption of proteins to kaolin surfaces 
show that, at least qualitatively, kaolin surfaces behave in a similar manner to those 
of quartz. Since inhaled kaolin is probably harmless,® it seems unlikely that the 
adsorption of proteins from the tissue fluids onto the dust surfaces has any important 
bearing on the silicosis problem, 


One of us (J. E. L. B.) received an award from the Department of Scientific and Industrial 
Research. 
CONCLUSIONS 
1. Quartz surfaces will adsorb albumin. 


2. The degree of adsorption depends upon the pH. 


3. From albumin solutions having a concentration comparable with plasma only 
about one-tenth of the available adsorption sites on a quartz surface are filled at 


pH 7.4. 


4. The adsorption of proteins onto the quartz surface is not considered to be an 
important aspect of the silicosis problem. 
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DERMATITIS FROM WATERLESS HAND CLEANERS 


GEORGE MORRIS, M.D. 
BOSTON 


ATERLESS hand cleaners have recently appeared on the market and are 
being offered to industry both in tubes for individual use and in dispensing 

units which can be fastened to factory walls in places where no water connections 
exist. These waterless hand cleaners are gradually being used with increasing fre- 
quency by machinists, mechanics, painters, and others with dirty hands, because they 
appear to clean the skin efficiently without the need of washing or rinsing with water. 
This report concerns the break-out of seven cases of dermatitis in one plant where 

a waterless hand cleaner had been in use by some 80 men and of two other cases in 
which eruptions were due to the use of waterless cleaners in industrial plants. In all 


Vesicular dermatitis caused by waterless hand cleaner. Hands after one week of treatment, 
showing dried blisters. 


these cases analysis of the cleaners used showed that they contained approximately 
50% aliphatic hydrocarbon compound of the naphtha series. 


Most of the waterless hand cleaners which are in use are based upon aliphatic 
compounds, but others are based upon such substances as cold cream, soap, or syn- 
thetic detergents or upon thickening agents or film-forming materials.’ The only 
ones of value to the really dirty worker, however, because of their prompt cleansing 
action, are those based on the solvents. Such solvents as kerosene, benzene, toluene, 
trichloroethylene, butyl cellosolve, or mineral terebinth essence are the ones most 
commonly used, as shown in Lesser’s analysis.' Since Downing,? Klauder,* and 
Schwartz,‘ as well as I myself, have observed that a large percentage of the entire 
number of cases of industrial dermatitis are due to the use of solvents in cleaning the 
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skin, it appears to me to be especially hazardous to use waterless hand cleaners which 
contain these volatile hydrocarbons, inasmuch as they are both sensitizers and 
irritants, 


The following reports of cases may be of interest. 


Case 1.—H. G., a painter, used a waterless hand cleaner for removing paint from his hands 
and arms for 10 days, after which he developed a vesicular eruption of his fingers and hands, 
which disabled him from work for three months. 


Case 2.—J. C., a janitor, used a waterless hand cleaner for three days to remove dirt and 
grease from his hands and broke out with a vesicular eruption which persisted for eight months. 

Case 3.—E. B., a machinist in a plant, had used a waterless hand cleaner for approximately 
one month when he developed a vesicular eruption of both hands (Figure). When it was called 
to the attention of the safety engineer, the patient was referred to my office. Within two days 
the safety engineer called up to say that six other cases had developed from the same waterless 
hand cleaner, which he was removing immediately from the plant. 


SUMMARY 


Nine cases of vesicular dermatitis of the hands are reported from the use of 
waterless hand cleaners, the cleansing ability of which is based primarily on the use 
of solvents. Such solvents are of the naphtha series and are potent irritants and 
sensitizers ; therefore, they should not be used as hand cleaners. 


CONCLUSION 
Waterless hand cleaners which are used in industry are based, in large per- 


centage, on aliphatic hydrocarbons, which are both irritants and sensitizers. They 
represent an expensive method of using kerosene as a skin cleaner. 
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TOXICOLOGY OF MONO., DI-, AND TRI-PROPYLENE GLYCOL 
METHYL ETHERS 


Vv. K. ROWE, MS. 
: D. D. McCOLLISTER, B.S. 

H. C. SPENCER, Ph.D. 
F. OYEN 
R. L. HOLLINGSWORTH, MSS. 


MIDLAND, MICH. 
AND 


Vv. A. DRILL, Ph.D. M.D. 
DETROIT 


HE MONOMETHYL ethers of monopropylene, dipropylene, and tripropylene 

glycols (Dowanols * 33B, 50B, and 62B, respectively) are colorless liquids 
with ethereal odors. They combine the chemical properties of alcohols, ethers, and 
hydrocarbons. Their miscibility with a wide variety of organic liquids, as well as with 
water, has made them particularly suitable for solvent purposes. They are powerful 
solvents for nitrocellulose and synthetic resins. In addition, these materials are 
noncorrosive, are thermally stable, and have low surface tensions plus the ability 
to reduce interfacial tensions and the viscosity of other liquids. When they are used 
as chemical intermediates, the reaction usually involves the hydroxyl group. These 
products are available in commercial quantities and have been found useful in 
numerous industrial processes and applications. A few of the characteristic proper- 
ties are listed in Table 1. 

The pharmacological properties of these compounds when administered intra- 
venously to dogs have been studied by Shideman and Procita.' These investigators 
found all three compounds to be central nervous system and cardiac depressants 
of low toxicity. Death of the intact dog resulted from respiratory failure. 

This study was undertaken to provide toxicological data which would allow an 
evaluation of the hazards associated with the manufacture, handling, and use of 
these materials. Their many and varied uses provide the possibility of ingestion, eye 
contact, skin contact, and inhalation. Consequently, toxicological properties in each 
category have been explored. 

From the Biochemical Research Department, The Dow Chemical Company (Mr. Rowe, 
Mr. McCollister, Dr. Spencer, Mr. Oyen, and Mr. Hollingsworth) and the Department of 
Pharmacology, Wayne University College of Medicine (Dr. Drill). 


* “Dowanol” is a registered trade-mark of The Dow Chemical Company. 
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MATERIALS TESTED 
The materials used in these studies consisted of a number of individual samples of the com- 
mercial products, all purified by redistillation. The infrared absorption spectra of these samples 
indicated a purity of essentially 100%. 


ORAL ADMINISTRATION OF SINGLE DOSES 
PROCEDURE 
The acute oral toxicity of these compounds was determined by administering 
the undiluted liquids by intubation to both sexes of young adult white rats from the 


Tasie 1.—Description of Materials Tested 


Vapor 
Pressure, Ref. 
Chemical Dowanol Significant Details of B. P., Mm. Hg. Sp. Gr., Fi. Pt., Index, 
Name No Structural Formulas Cc. %C. 25/25 F. 25 C. 


Propylene glycol 33B -C-C- 
methyl ether 


Cc-O- 120 125 0919 100 1.402 


Dipropylene glycol 0.951 


methyl ether 


Tripropylene glycol 
methyl ether 


Solubility: All materials are miseible with water. At 25 ©. all are miscible with acetone, benzene, ether, 
earbon tetrachloride, methanol, ethanol, monochlorobenzene, petroleum ether, varnish makers’ and painters’ 
(VMP) naphtha, and at least 144 other organie liquids. 


Taste 2.—Single Dose Oral Toxicity to Rats (Mixed Sexes) 


Dosage 
Levels, Rats, L.D.s0 (19/20 Confidence Slope 
Material No. No. Limits), Ml./Ke. Function * 


170 6.6 (6.1 to 6.9) 1.19 
169 54 (4.9 to 5.9) 1.28 
199 3.3 (3.1 to 3.5) 1.24 


* Fold change in dosage required to produce 1 unit standard deviation change in response along the line. 


stock colony of this laboratory. All surviving rats were observed until they had 
fully recovered from any loss of weight and were gaining normally (usually for 


about two weeks). 
RESULTS 


The dosage-response data were treated statistically according to the method 
described by Litchfield and Wilcoxon.? The number of dosage levels, total number 
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of rats, the acute oral L..D.59 values with their 95% confidence limits, and the slope 
functions for each compound are listed in Table 2. There was no significant deviation 
from parallelism, indicating a very similar response to change in dosage for the three 
compounds, but the differences in potency were significant statistically. 


ORAL ADMINISTRATION OF REPEATED DOSES OF PROPYLENE 
GLYCOL METHYL ETHER—RATS 

Four matched groups of five male rats each were given by intubation repeated 
oral doses, five days a week, of 33B in olive oil solutions for a period of 35 days. 
A total of 26 daily doses were administered in amounts equivalent to 3.0, 1.0, 0.3, 
and 0.1 ml. per kilogram. A fifth matched group of five male rats received similar 
quantities of olive oil alone and served as a control group for the experiment. 

There was no mortality in any of the groups attributable to the experimental 
material. 

The group receiving 3.0 ml. per kilogram daily showed some initial loss in body 
weight, but the animals appeared to recover quickly, particularly over the week ends, 
and the final average body weight was not significantly different from that of the 


Taste 3.— Mortality of Rabbits Resulting from Single Twenty-lour-Hour Applications 
to the Intact Skin 


Response (No. Dying/ No. Treated) 


Jose 

kg. 33B 62B 
Bin O10 O38 
4/5 0/3 1/5 
Os 


controls. At autopsy, organ weight studies revealed a moderate increase in the 
weights of the liver and kidneys. Lung, heart, spleen, and testes weights were 
normal. Microscopic examination of hematoxylin and eosin stained sections of the 
tissues revealed slight congestion and cloudy swelling in the liver and in the tubular 
epithelium of the kidneys. 

The groups of rats receiving 26 oral doses in 35 days of 1.0, 0.3, and 0.1 ml. 
per kilogram of 33B showed no evidence whatsoever of adverse effects, as judged 
by growth, final body and organ weights, and gross and microscopic examination 
of the tissues. 

EYE CONTACT—RABBITS 

One drop of each material, undiluted, was placed in the eyes of rabbits on each 
of five consecutive days. A mild transitory irritation of the conjunctival membranes 
appeared after each dose. There was no cumulative effect. Fluorescein staining 
revealed no corneal injury. 


SKIN APPLICATION——RABBITS 
SINGLE Doses 


Procedure.—The method used was essentially that of Draize, Woodard, and Calvery * except 
that the impervious sleeves were covered by heavy cloth bandages and the animals were allowed 
the freedom of their cages. In all cases the exposures lasted for 24 hours, after which the sleeves 
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were removed and the exposed areas cleansed with soap and water. The animals were observed 
for two weeks, or until it was certain that they had recovered from effects of the exposure. 

Results —The number of animals treated with measured amounts of each mate- 
rial and the number dying are summarized in Table 3. 

All dosages of 33B caused some loss in body weight. Recovery from this response 
was rapid at doses of less than 10 ml. per kilogram but was usually prolonged for 
several days at the higher dosage levels. Within a few hours after the application 
of the material, the animals exhibited symptoms of general narcosis varying in 
intensity from slight weakness and drowsiness to deep anesthesia. At the lower 
dosage levels, recovery from this narcotic effect was usually complete within 24 
hours, but with the higher dosages recovery was prolonged, sometimes for several 
days. Deaths occurred within one to five days. 

Compound 50B failed to kill any of the rabbits given single 24-hour applications 
to the intact skin. There were slight losses in body weight at all dosage levels, but 
the rabbits recovered quickly and in most cases showed weight increases after two 
days. Transient narcosis was observed with the 20 ml. per kilogram dose. 

Material 62B caused one death at a dosage of 15 ml. per kilogram (after four 
days) but no deaths at 20 ml. per kilogram. There was an appreciable loss in body 
weight, and recovery was sometimes prolonged for a week or more, even at the 
10 ml. per kilogram level. Definite narcosis resulted a few hours after application 
of the material at all dosage levels but was usually not apparent at the end of the 
24-hour exposure period. 


RepeATeD Doses 


Procedure.—Male rabbits were selected and divided into groups of at least five animals 
each, The substances to be studied were applied over the abdominal skin with the use of the 
following technique: A pad of absorbent cotton, about 3 by 3 in. (7.5 by 7.5 cm.) in size 
and sufficiently thick to just absorb the volume of the test material, was applied to the clipped 
or shaved abdomen of the rabbit. The proper dose of the compound was added to the cotton, 
and the pad was then covered with an impervious saran film, about 5 by 5 in. (13 by 13 cm.). 
This saran film was covered with a heavy cloth, and the whole application was then strapped 
onto the animal with adhesive tape. 

The compounds to be studied were thus applied five times a week over a period of three 
months. In the first experiment, each compound was tested at four dosage levels. A separate 
group of five animals served as controls for each compound. In a second experiment, the two 
intermediate dosage levels of 50B were restudied in the same manner as in the first experiment, 
a separate group of controls being used. The control animals in all cases received the same 
treatment as the experimental animals except that distilled water was substituted for the test 
material, 

The rabbits received a stock diet of commercial rabbit chow (Rockland). The animals were 
weighed before the application of each daily dose of the compounds to be tested. Control blood 
counts were taken before the start of the study and on the 30th and 90th days of the application 
of the compounds. The possible significant difference between mean cell counts and body 
weights or organ weights was determined by use of “Student's” “t” test. On the 90th day the 
rabbits were autopsied, and tissues were taken from the liver, kidneys, spleen, adrenals, heart, 
lungs, and occasionally stomach for histological examination. Such sections were stained with 
hematoxylin and eosin. In the second experiment only, blood urea nitrogen concentrations were 
determined terminally.4 


Results —The mortalities resulting from the repeated applications of each 
material to the skin of rabbits for a period of 90 days are listed in Table 4. The 
larger doses (7 to 10 ml. per kilogram of 33B, 10 ml. per kilogram of 50B and 
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62B) produced narcosis which generally led to the death of the animal. These 
animals showed a terminal loss in body weight, probably related to a decreased food 
consumption at this time. Occasional animals receiving the higher doses showed 
narcosis during the early portion of the experimental period, which disappeared as 
the applications were repeated; the animals apparently had developed a tolerance 
for the materials. Thus, the few rabbits that survived the larger doses gained weight 
normally. 


The occasional deaths seen in the various groups receiving doses in the range of 
1 to 5 ml. per kilogram were associated with respiratory infections and were not cor- 
related with narcotic effects or histological changes in any of the organs examined 
except the lungs. 


TasLe 4.—Mortality of Rabbits That Received Repeated Applications to the Skin 
(Strty-Five Doses in Ninety Days) 

Response (No. Dying No. Treated) * 


Exp. 1 Exp. 2 


15¢ 
(9) 


5.0 eon 0/8 
(3,4) (10,13) 
7.0 8/9 
(1,1,1,1,2,2,2,5) 
10.0 1/11 6/7 one 7/8 
(1,1,1,1,2,2,2,4,4,4) (2,2,2,3,3,8) (1,1,2,2,2,2,10) 


* Numbers within parentheses are weeks during which deaths oceurred. 


+ All deaths at dosages of 5 mil. per kilogram and below of 33B and 50B were associated with respiratory 
infections and were in no way attributable to the experimental materials (as deseribed in the text). 


‘The repeated applications of these compounds in doses of 1 to 5 ml. per kilogram 
were without effect on the gain in weight of rabbits, except that the last two 
average weights (on the 84th and 90th days) of the rabbits receiving 5 ml. per kilo- 
gram doses of 62B were significantly lower than those of the control animals. 
Hemoglobin, red blood cell, white blood cell, and differential counts were normal, 
even for those rabbits surviving the 10.0 ml. per kilogram doses. Organ weights 
were normal except for a significant increase in kidney weights for the rabbits 
receiving the 3 and 5 ml. per kilogram doses of 62B and for those dying from the 
10 ml. per kilogram dose of 33B. 

Gross examination of the animals surviving the 90-day period of treatment, 
irrespective of dose, revealed normal lungs, heart, liver, kidneys, adrenals, testes, 
stomach, and intestines. These organs were also normal grossly in rabbits that 
became narcotized and died, with the exception that the stomach was usually filled 
with food and markedly distended. This gastric retention appeared to be correlated 
with the narcotic effect. Occasionally, small hemorrhagic areas were noted in the 
gastric mucosa of such animals. 
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Upon histological examination of tissues from the surviving animals, the liver, 
lungs, heart, adrenals, spleen, testes, and stomach were all within normal limits. 
Death from narcosis was often related to pneumonia and empyema. Occasionally, 
pyelonephritis or early interstitial nephritis was observed. Renal tubular necrosis 
of moderate to marked severity was observed in three rabbits that died from the 
7 or 10 mi. per kilogram doses of 33B. However, other rabbits that died showed 
only a slight granular degeneration in the tubules. Compound 50B was without 
significant effect on the kidney. Compound 62B produced slight granular degenera- 
tion and hydropic changes in some of the rabbits. Tubular necrosis was observed 
in some of the rabbits at the 1.0 to 3.0 ml. per kilogram dosage level but not at the 
5.0 ml. per kilogram level. The reason for this inconsistency is unknown. 

Blood urea nitrogen concentrations determined on the animals surviving the 
second experiment with 50B were all within normal limits. Following are the 
average values: control animals, 33.3 mg. per 100 cc.; 3 ml. per kilogram, 36.0 mg. 
per 100 cc.; 5 ml. per kilogram, 28.3 mg. per 100 cc. 

Careful examination of the skins of the experimental animals, including both 
gross and histological examinations, revealed that occasional scaling and erythema 
occurred but there was no significant difference between the skins of the treated 
animals and those to which only water was applied. 


SKIN SENSITIZATION TESTS WITH DIPROPYLENE GLYCOL 
METHYL ETHER—HUMAN SUBJECTS 7 
PROCEDURE 

The undiluted material was applied to the backs of 200 unselected human sub- 
jects, 100 men and 100 women, and allowed to remain in direct contact with the 
skin for a period of five days. At the end of this period, the patches were removed 
and any irritation noted. Three weeks later, the material was applied again to the 
backs of the same subjects and allowed to remain in contact with the skin for a 
period of 48 hours. 


In additional tests, Compound 50B was tested by a repeated insult technique on 
50 unselected human subjects, 25 men and 25 women. In these tests the material 
was applied to the backs of the subjects for four to eight hours every other day until 
10 applications had been made. After a lapse of three weeks, the material was 
reapplied for a period of 24 to 48 hours. 


RESULTS 


None of the human subjects used in these tests exhibited any evidence of irrita- 
tion or sensitization at any time. 


VAPOR INHALATION STUDIES WITH PROPYLENE 
GLYCOL METHYL ETHER 
PROCEDURE 
Animals and Apparatus.—The source and feeding of the animals used in the vapor experi- 


ments and techniques and the chambers employed were essentially the same as those previously 
described.® 


+ This work was carried out for The Dow Chemical Company by the Industrial Toxicology 
Laboratories of Philadelphia, Dr. H. A. Shelanski, Director, and Dr. Joseph V. Klauder, Con- 
sultant Dermatologist. 
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For both the single and repeated exposures, all vapor concentrations with animals in the 
chambers were checked repeatedly by absorption of the test material in carbon disulfide for 
subsequent infrared spectra analyses. The analytical results were well within + 10% of the 
desired concentrations. 

Animals that received single exposures were observed as to their behavior, body weight 
changes, and time of death. Survivors were observed for about two weeks or until it was certair 
that they kad fully recovered from any effects of the exposure, as judged by gross appearance, 
behavior, and recovery of body weight. 

All the animals that were exposed repeatedly were selected carefully on the basis of general 
appearance, body weight, and growth during a preliminary period of observation. In each experi- 
ment, similar control groups were used, well-matched with the experimental animals in respect 
to number, age, sex, and body weight. Routinely, the animals were placed in the chambers 
seven hours a day, five days a week. 

Throughout the experimental period each animal was weighed twice a week and observed 
frequently for general appearance and behavior. Growth curves and mortality records were 
kept for each group; periodic hematological examinations (RBC, WBC, Hb, differential counts ) 
were made on representative groups of rats and on the monkeys. Failing animals were killed 
for examination when they appeared to be moribund. All survivors were killed and examined 
for evidence of organic injury on the day after the last exposure. 

Examination for Organic Injury.—All the animals examined for organic injury 
were fasted overnight except the guinea pigs and rabbits. Each animal was weighed 
and then killed by decapitation or, in the case of monkeys, by exsanguination from 
the jugular vein. Each animal was observed as to its gross appearance, and the 
lungs, heart, liver, kidneys, spleen, and testes were weighed. Tissues from these 
organs, as well as from the pancreas and the adrenal glands, were saved for the 
preparation of hematoxylin and eosin stained sections. In many cases blood was 
obtained at the time of autopsy for the determination of urea nitrogen." In some 
cases frozen sections of the liver and kidney were stained with oil red O. Also, in 
some instances a portion of the liver was frozen with solid carbon dioxide (dry ice) 
for subsequent total lipid analyses, which were carried out gravimetrically in 
alcohol-ether extracts. 

Wherever necessary, whether with growth curves, final body weights, or organ 
weights, the Fisher “t” test’ was used in comparing the mean values obtained on 
the 33B- exposed groups with those obtained on the control groups ; probability (27) 
values of less than 0.05 were interpreted as indicating a significant difference. 


RESULTS OF SINGLE Exposures 

Mortality of Rats —The total number of rats (mixed sex groups) used and the 
number that died from each exposure are listed in Table 5. From these data, the 
lines AB, XY, and CD were located on the Chart, representing the single exposures 
of minimum intensity causing the death of all animals tested, single exposures 
expected to kill 50% of the rats, and single exposures of maximum intensity allow- 
ing the survival of all rats tested, respectively. The 50% mortality points were 
determined from the response to 10,000 and 15,000 ppm of vapor by employment 
of the Litchfield and Wilcoxon method.’ 

Mortality of Guinea Pigs and Rabbits.— A few additional single vapor exposures 
were made with the use of mixed sex groups of guinea pigs and rabbits. The results 
are given also in Table 5. From these data, rabbits and guinea pigs appear to be 
less susceptible to fatal effects than are rats exposed to the same vapor’ con- 
centrations. 
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Nature of Toxic Action.—(a) Rats: Compound 33B has a definite anesthetic 
action at the intensities of exposure employed. Deaths occurring at exposures 
bounded by line AB and CD (Chart) occurred within 1 to 14 days, the earlier 
deaths being presumably of respiratory or cardiac failure and the later deaths result- 
ing from irritating action “predisposing” the lungs to secondary infection. There 


Taste 5.—Mortality of Rats, Guinea Pigs, and Rabbits Receiving Single Exposures to 
Vapors of Propylene Glycol Methyl Ether 


Vapor Duration Response 
Concentration, of (No. Killed/ No. Tested) 
Ppm Mg./L. Hr. Rat Guinea Pigs Rabbits 


15,000 54.6 j 0/ 
9/6 
0/5 
1/20 
3/20 
5/10 
10,000 


(GUINEA PIGS} 


H (RATS) 


a 
= 
= 
wy 
& 
S 


(MONKEYS 
On" (RABBITS 


05 1.0 5.0 10.0 


DURATION OF EXPOSURE IN HOURS 


Vapor toxicity of propylene glycol methyl ether. Line .14 represents the least severe single 
exposures causing death of all rats tested; line X¥, single exposures expected to produce 50% 
mortality among rats, and line CD, the severest single exposures permitting survival of all rats 
tested. Line GH represents the severest repeated exposures without detectable adverse effect 
in rats. Points H’ and H” represent the severest repeated exposures without detectable adverse 
effect in the species indicated. 


was no correlation between time of deaths and severity of exposure except for the 
eight-hour exposures to 10,000 and 15,000 ppm wherein a few rats died in the 
chamber. Even the least severe exposures of rats tabulated in Table 5 gave evidence 
of depression of the central nervous system, Exposures of 15,000 ppm for one hour, 
10,000 ppm for one and one-half hours, and 7,000 ppm for three hours caused the 
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rats to become drowsy and unsteady. Exposures approximating line XY resulted 
in the animals being just barely able to move about, if they were not made actually 
unconscious. Unconsciousness was produced in all rats that received a six-hour 
exposure to 15,000 ppm. Some of the rats had not regained consciousness 16 hours 
after the end of the exposure. 

(b) Guinea Pigs and Rabbits: The least severe exposures produced a drowsy 
and unsteady appearance in these animals. The severest exposures resulted in uncon- 
sciousness ; deaths occurred within three to six days. 

(c) Monkeys: One male monkey was given a single six-hour exposure to 
10,000 ppm of 33B vapor. Evidence of eye and nasal irritation appeared immediately. 
After four hours of exposure, the animal became ‘“‘unsteady” when moving about in 
the chamber. It was unable to stand at the end of the six-hour period. During the 
last 45 minutes of the treatment, the monkey's condition deteriorated rapidly ; 
breathing became quite shallow and slow. When removed from the chamber, the 
animal leaped about in a wild and incoordinate manner. When caged, it lunged 
about violently and bruised its head rather badly. After about 30 minutes, the 
animal was exhausted and went to sleep; breathing was slow and shallow but 
regular. Next morning the monkey was on its feet and eating, though looking 
bruised. 

Single Exposures for Organic Injury.—(a) 10,000 Ppm for Six Hours: A 
group of 15 male and 15 female rats that received this treatment was divided into 
three subgroups for examination after one, two, and three days following the 
exposure. A moderate depression of body weight was observed. At autopsy, each 
group of rats showed increases in the weights of the liver, kidneys, and lungs. 
Microscopic examination of the tissues revealed slight local irritation and conges- 
tion in the lungs in all groups. There were no adverse effects attributable to the 
experimental material, as judged from the microscopic examination of the liver, 
kidneys, spleen, pancreas, adrenals, or testes. 

(b) 10,000 Ppm for Two Hours: A group of five male rats that were killed 
on the first day after this exposure showed no evidence of any ill effects except for 
a moderate increase in weight of the liver. Another group of five rats examined 
three days after the single exposure showed no evidence of adverse effect whatso- 
ever, as judged by the usual criteria. : 

(c) 6,000 Ppm for Seven Hours: A group of five male rats killed for examina- 
tion on the day after this exposure exhibited a moderate increase in the average liver 
weight. Body weights were not affected. Microscopic examination revealed very 
slight changes of questionable significance within the cells of the liver. A group of 
five male rats killed three days after this single exposure showed no evidence of 
adverse effects, as judged by body weights, organ weights, and gross and micro- 
scopic examination of tissues. 

(d) 3,000 Ppm for Seven Hours: Two groups of five male rats each received 
single exposures of this magnitude and were killed and examined at one- and three- 
day periods thereafter. None of the rats showed any evidence of ill effects, as judged 
by body weights, organ weights, and gross and microscopic examination of the 
tissues. 
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Microscopic OBSERVATIONS 


In all the exposures of the experimental animals to the 33B vapor, there were 
only two positive histological findings worthy of note. These findings will be 
described at this point, because the observations were identical in nature, varying 
only in degree, no matter what the animal species, what the magnitude of the 
exposure, or whether single or repeated exposures. 

In the lung, ill effects due to exposure presented a picture of slight local irrita- 
tion, with interstitial edema and congestion accompanied by areas of atelectasis and 
compensatory emphysema. 

In the liver, the changes from the normal histological picture were those of 
granulation of the cytoplasm of the cells, mainly in the central area, and the appear- 
ance of small vacuoles found generally throughout the lobule (hematoxylin and eosin 
stain). These areas were not caused by fat deposits, since they did not stain with 
oil red ©. 

Resucts oF RepeAtep Exposures OF SHORT DURATION 

Concentration: 10,000 Ppm (36.4 Mg. per Liter).—(a) Rats, Two Hours Daily : 
During the course of 84 exposures in a period of 116 days, groups of five male and 
five female rats exhibited a slight depression of growth and appeared drowsy and 
unsteady at the end of each daily exposure. At autopsy, slight to moderate increases 
in liver and kidney weights were found. There was no evidence of adverse effects, 
as judged by weights of the other organs, blood urea nitrogen determinations, hema- 


tological values, total lipid content of the liver, and microscopic examination of the 
tissues, 


(b) Rats, One Hour Daily: During the course of 78 exposures in 106 days a 


group of five male and five female rats exhibited some very slight evidence of central 
nervous system effects, but these were apparently quite minimal. There was no 
evidence of adverse effects whatsoever, as judged by growth, final body and organ 
weights, blood urea nitrogen values, and microscopic examination of the tissues. The 
data from this exposure were used as part of the basis for line G// in the Chart. 

(c) Rats, One-half Hour Daily: A group of five male and five female rats 
tolerated 79 exposures during a period of 107 days without evidence of ill effects, as 
judged by gross appearance and behavior, growth, final body and organ weights, 
and microscopic examination of the tissues. 

(d) Monkeys, Four Hours Daily: Two male monkeys received 66 exposures 
during 91 days ; one female monkey was subjected to 26 exposures in 38 days. These 
animals showed a definite depression in body weight and appeared slightly drowsy 
and unsteady of balance at the end of each daily exposure. Final body weights were 
below normal. Liver weights were increased significantly. Microscopic examination 
of the liver revealed typical changes of moderately severe degree which were attribut- 
able to the vapor of 33B. Very slight changes were observed in the lungs. No 
evidence of ill effects was found, as judged by weights and microscopic examination 
of any of the other organs. 


Resutts oF REPEATED SEVEN-Hour Exposures 
Concentration: 6,000 Ppm (21.8 Mg. per Liter).—(a) Rats: Groups consist- 
ing initially of 10 male and 10 female rats suffered ill effects to the extent that only 
6 males and 3 females survived 81 exposures during a period of 114 days. During 
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the first few weeks of exposure all animals were deeply narcotized at the end of each 
exposure The survivors, however, became tolerant to the material, ard during the 
last two months of exposure they were affected only mildly if at all. Furthermore, 
the surviving animals exhibited only a slight growth depression at the end cf the 
experiment. Examinatioa at autopsy revealed slight weight increases for the liver 
and kidneys from the male rats and a moderate increase in the weight of the liver 
from the females. Only normal findings resulted from blood urea nitrogen deter- 
minations and microscopic examination of the tissues. 
An additional group of 10 male rats received four exposures in five days. Nine 
" of the animals survived but showed a moderately severe growth depression. There 
was a slight increase in kidney weights and a moderate increase in liver weights. 
Slight, significant changes were found upon microscopic examination of the lung 
. and liver sections. 
(b) Guinea Pigs: A group of five male and five female guinea pigs survived 
80 exposures in a period of 113 days. They exhibited a marked narcotic effect 


Taste 6.—f inal Average Body and Organ Weights from Rats That Received 141 Seven-Hour 
Exposures to Vapors of Propylene Glycol Methyl Ether During Period of 198 Days 


Final Av. Organ Weights (Gm./100 Gm, Body Wt.) 
Vapor Cone., Rats, Body Wt., — - 
Ppm Sex No. Gm. Lungs Heart Liver Kidneys Spleen Testes 


Controls....... 328 
339 


347 


0.33 


0.32 


2.23 


O64 0.20 
ONT 


0.22 


0.82 
0.88 
0.86 


O58 0.06 


O61 


061 0.382 


207 


200 


O40 
O40 


0.79 0.30 
0.28 


0.28 


0.74 


O40 


*pP 0.001, 
+ P< 0.001, 


similar to that described for the rats. With this species, however, a marked depres- 
sion in growth was observed. There were very slight, questionable increases in liver 
and kidney weights. Microscopic examination revealed very slight, typical changes 
in the liver. 
(c) Rabbits: One female rabbit was subjected to 80 exposures in 113 days. 
This animal exhibited the typical narcotic effect and moderate depression of growth. 
There were very slight increases in lung and liver weights. Microscopic examination 
revealed very slight changes in the lungs but no significant effects in the liver. 
Concentration: 3,000 Ppm (10.9 Mq. per Liter).—(a) Rats: Groups consisting 
: initially of 20 male and 20 female rats were subjected to 141 exposures in a period 
of 198 days. During the first part of the experiment, the rats exhibited a mild central 
nervous system depression at the end of each exposure. Recovery was rapid upon 


‘ removal from the chamber. After a period of a week or so, however, they seemed 
to develop a tolerance and did not exhibit this response. 

Mortality was not significantly different from that in the control group. Growth 
of the male rats appeared to be very slightly depressed shortly after the start of the 
exposures, but final body weights were not affected adversely (Table 6). The females 
grew normally. Organ weight studies (Table 6) revealed quite significant increases 
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in the average weights of the liver in both sexes. However, microscopic examination 
of the liver revealed no abnormal changes. Blood urea nitrogen and hematological 
values were unaffected. 

An additional group of 10 male rats that received four exposures in a period of 
five days showed a significant increase in the average weight of the liver, but there 
was no evidence of adverse effects, as judged by growth, mortality, final body 
weights, weights of organs other than the liver, and microscopic examination of the 
tissues. 

(>) Guinea Pigs: Groups of eight male and eight female guinea pigs tolerated 
130 exposures in a period of 184 days without evidence of adverse effects, as judged 
by gross appearance and behavior, growth, mortality, final body and organ weights 
(Table 7), hematological values, blood urea nitrogen determinations, and micro- 
scopic examination of the tissues. 

(c) Rabbits: One male and one female rabbit tolerated 130 exposures in a 
period of 184 days without evidence of adverse effects, as judged by growth, mor- 
tality, final body weights, weights of organs other than the liver, and blood urea 


Taste 7.—linal Average Body and Organ Weights from Guinea Pigs That Received 130 Seven- 
Hour Exposures to Vapors of Propylene Glycol Methyl Ether During Period of 184 Days 


Guinea Final Av. Organ Weights (Gm./100 Gm. Body Wt.) 
Vapor Cone., Pigs, Body Wt., — 
Ppm Sex No. Gm. Lungs Heart Liver Kidneys Spleen Testes 
Controls....... 0.63 0.27 2.99 0.68 0.12 0.0 
RAO) 0.65 0.29 3.10 0.66 O11 0.50 
0.71 0.28 3.07 0.66 0.12 0.51 
0.71 0.25 3.33 0.61 O15 


0.78 0.27 3.18 0.64 0.16 
0.76 j 0.25 3.05 0.61 O14 


nitrogen determinations. Liver weights were increased slightly. Slight changes 
were found upon microscopic examination of the liver from the female, but not the 
male, rabbit. Slight changes were observed in the lungs from the male rabbit but 
not from the female. 


(d) Monkeys: Two female monkeys were subjected to 146 exposures in 205 
days. Liver weights were increased. Microscopic examination showed slight 
changes in both lungs and liver. Growth, final body weights, blood urea nitrogen 
determinations, hematological values, and weights and microscopic examination of 
the other organs showed no evidence of adverse effects. 

Concentration: 1,500 Ppm (546 Mg. per Liter).—(a) Rats, Guinea Pigs: 
Groups consisting initially of 20 male and 20 female rats received 141 exposures in 
198 days. Groups of eight male and eight female guinea pigs were subjected to 
130 exposures in a period of 184 days. There was no evidence of any adverse 
effects whatsoever, as judged by gross appearance and behavior, growth, mortality, 
final body and organ weights (Tables 6 and 7), blood urea nitrogen and hemato- 
logical values, and microscopic examination of the tissues. 

An additional group of 10 male rats that received four exposures in a period of 
five days likewise failed to show any evidence of ill effects when judged by similar 
criteria, 
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(b) Rabbits: Two male and two female rabbits were subjected to 130 exposures 
in 184 days and showed no evidence of adverse effects, as judged by gross appear- 
ance and behavior, growth, mortality, final body weights, and organ weights other 
than the liver. Liver weights in both sexes were increased slightly. Microscopic 
examination revealed slight changes in the lungs and liver of the female rabbits but 
no abnormality in any of the organs from the male rabbits. 

(c) Monkeys: One female monkey tolerated 146 exposures in 205 days and 
showed only a slight increase in liver weight and very slight changes in the lungs 
observed microscopically, Gross appearance and behavior, growth, final body weight, 
weights of organs other than the liver, hematological values, and microscopic exam- 
ination of tissues other than lungs showed no evidence of adverse effects. 

Concentration: 800 Ppm (2.91 Mg. per Liter) —(a) Rabbits, Monkeys: One 
male and two female rabbits tolerated 132 exposures in 186 days and one male and 
one female monkey tolerated 147 exposures in 205 days without evidence of adverse 
effects, as judged by gross appearance and behavior, growth, final body and organ 
weights, hematology (monkeys only), and microscopic examination of the tissues. 


VAPOR INHALATION STUDIES WITH DIPROPYLENE GLYCOL METHYL ETHER 
SINGLE Exposures 

Three groups of three adult male white rats were given single seven-hour 
exposures to an atmospheric concentration of 50B calculated to be 500 ppm. This 
atmosphere was laden with fog, and the animals were wet with the material at the 
end of the exposure. They exhibited only a mild narcosis from which they recov- 
ered rapidly. 

REPEATED SevEN-Hour Exposures 

Procedure.—The vapor concentration in the exposure chamber during this 
experiment was maintained by continuously supplying a specified amount of the 
test material into a heated manifold designed to vaporize it into a controlled volume 
of air which then passed through the exposure chamber. The vapor concentration 
in the chamber was calculated to be 400 ppm, but analyses by spectroscopic means 
consistently showed about 300 ppm. Even though the calculated concentration of 
400 ppm was below the theoretical saturation level based on the vapor pressure 
curve, fog was apparent in the chamber at all times; perhaps this contributed to the 
discrepancy between the calculated and the measured concentrations. 

Groups of 20 male and 20 female white rats, two male and two female rabbits, 
and one male and one female monkey were used in this experiment. These animals 
received seven-hour exposures daily, five days a week, during a period of six to 
eight months under the exposure conditions described above. Similar groups of 
animals served as controls. 

Procedures of examination for organic injury and criteria for judging adverse 
effects were the same generally as in the chronic vapor study with 33B. 

Results—(a) Rats: The groups consisting initially of 20 male and 20 female 
rats tolerated 140 exposures during 200 days. These animals exhibited some slight 
narcosis during the first few weeks of exposure, but they became resistant to this 
effect and appeared normal thereafter. The narcosis was transient, that is, it dis- 
appeared within one-half hour after the animals were removed from the exposure 
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chamber. There was no evidence of adverse effects, as judged by growth, mortality, 
and final body and organ weights (Table 8), other than that of the liver, hemato- 
logical values, and gross and microscopic examination of the tissues. 

(b) Guinea Pigs: Groups consisting initially of eight male and eight female 
guinea pigs were subjected to 130 exposures during 186 days and showed no evi- 
dence of adverse effects, as judged by gross appearance and behavior, growth, mor- 
tality, final average body and organ weights (Table 9), and microscopic examina- 
tion of tissues other than the liver from the females. Microscopic examination of the 


Taste 8.—l inal Average Body and Organ Weights from Male and Female Rats That Received 
140 Seven-Hour Exposures to 300 to 400 Ppm of Vapor of Dipropylene Glycol Methyl Ether 


Av. Av. Organ Weights (Gm./100 Gm. Body Wt.) 
Rats; Body Wt., —- 
Group : No. Gm, Lungs Heart Liver Kidneys Spleen Testes 
Controls....... 13 208 0.73 0.39 2.50 0.75 0.26 
Exposed....... 17 212 0.79 0.38 2.74" 0.78 0.28 


Controls....... 13 340 0.61 0.33 2.24 0.64 
Exposed 13 319 0.65 0.33 244+ 0.67 


*P-—0.M. 
P = 0.001. 


Taste 9.—Final Average Body and Organ Weights from Male and Female Guinea Pigs That 
Recewed 130 Seven-Hour Exposures to 300 to 400 Ppm of Vapor of Dipropylene 
Glycol Methyl Ether 


Guinea Av. 
Pigs, Body Wt., ~ 
Group No. Gm. Lungs Heart Liver Kidneys Spleen ‘Testes 
Controls....... 
Exposed....... 


Organ Weights (Gm./100 Gm. Body Wt.) 


S46 0.69 0.98 3.25 0.65 0.16 
S74 0.08 25 340 0.61 O16 


Controls....... M 787 0.73 3.01 73 0.13 
M 


Exposed 863 0.61 3.14 0.12 


livers from the female guinea pigs revealed very slight granulation in the cytoplasm 
and significantly numerous small and large vacuoles which did not stain with oil 


red O, 

(c) Rabbits, Monkeys: The two male and two female rabbits and the one male 
and one female monkey tolerated 156 exposures in 221 days without evidence of 
adverse effects, as judged by gross appearance and behavior, mortality, growth, 
hematological values (monkeys only), final body and organ weights, and micro- 
scopic examination of tissues other than the liver. Upon microscopic examination, 
the livers from both sexes of each species showed slight, but definite, changes of 
granulation and vacuolation similar to those observed in the guinea pigs. 


SIGNIFICANCE OF RESULTS 
The low oral toxicity of 33B, 50B, and 62B for rats indicates that there is prac- 
tically no likelihood that toxic amounts of these materials would be swallowed in 
ordinary handling and use. The willful swallowing of large amounts, of course, 
could result in more or less serious effects. 
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These compounds are not likely to cause any injury to the eyes. Direct con- 
tact with the liquid or with high vapor concentrations may cause transient irritation. 

The possibility of skin irritation resulting from even prolonged and repeated 
contact with these materials ts remote. 

The likelihood that toxic amounts of any of these materials would be absorbed 
through the skin in ordinary handling and use is exceedingly remote. Industrial 
operations rarely, if ever, offer the opportunity for the massive and prolonged 
exposure which would be required with these compounds to cause ill effects. 

The possibility that hazardous amounts of these materials would be inhaled is 
also remote. 

Vapor concentrations of 33B attainable at ordinary room conditions would be 
dangerous to life only after a single exposure of an hour or more. Such concen- 
trations are so objectionable to human subjects that it is doubtful that they could 
even be breathed; certainly they would not be breathed voluntarily. The highest 
concentration of 33B vapor tolerated repeatedly by all the animal species studied, 
800 ppm, was very objectionable to human subjects. While it is possible that a 
person could voluntarily tolerate such a concentration, it is extremely doubtful that 
he would. 

Dipropylene glycol methyl ether presents practically no hazard from inhalation 
of the vapor. Concentrations dangerous within seven hours cannot be attained at 
ordinary room conditions. All animal species tested tolerated repeated exposures to 
the maximum concentration attainable (300 to 400 ppm), with but minor ill effects. 
Such concentrations are also quite disagreeable to humans. Again it is believed that 
concentrations which persons will tolerate voluntarily without complaint will be safe 
with respect to possible organic injury. 

The vapor hazard from 62B has not been evaluated directly. Its low vapor pres- 
sure, together with other evidence of low toxicity, leads to the conclusion that a 
saturated atmosphere at ordinary room conditions (about 50 ppm) could probably 
be tolerated without ill effects. The material in such concentrations is not objec- 
tionable to breathe but does have a distinct odor. 
In regard to exposures of human subjects, 338 may be considered further. This 
material appears to be quite similar in both acute and chronic vapor toxicity to 1,1,1- 
trichloroethane * (methyl chloroform). Cualitatively, it is similar to other materials 
with outstanding depressant action on the central nervous system and a relatively 
small capacity for producing organic injury, such as trichloroethylene *® and tetra- 
chloroethylene.'” So far as man is concerned, it appears that the important action 
resulting from excessive exposures to 338 vapor would be a depression of the cen- 
tral nervous system typical of a volatile anesthetic agent. 

Conclusions in regard to uniform daily exposures of about seven hours’ dura- 
tion being safe for human subjects cannot be made on the basis of animal data alone, 


since they will depend upon signs and symptoms such as minimal anesthetic effects 


and eye and nasal irritation. The vapor concentration not objectionable to human 


subjects has not been established, but it will be below 800 ppm for 33B and below 
300 ppm for 50B. 
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SUM MARY 


1. The methyl ethers of monopropylene, dipropvlene, and tripropylene glycols 
were all found to be low in single dose oral toxicity. The L.D.s» values obtained on 
white rats were 6.6, 5.4, and 3.3 ml. per kilogram, respectively. Doses of 1.0 ml. per 
kilogram of propylene glycol methyl ether given daily, 5 days a week, for a period 
of 35 days produced no toxic effect in rats. 

2. The undiluted materials produced only a mild transitory irritation of the con- 
junctival membranes, without corneal injury, when placed repeatedly in the eyes of 
rabbits. 

3. All the compounds can be absorbed through the intact skin, but large doses 
and prolonged contact are required to cause ill effects. Narcosis and some deaths 
were produced by single 24-hour applications of 10 ml. per kilogram of 33B and 
15 ml. per kilogram of 62B; no deaths and only mild narcosis resulted from doses 
of 20 ml. per kilogram of 50B. 

4. Repeated applications (65 in 90 days) of various doses of each material to 
the skin of rabbits yielded the following information : 

(a) None of the materials caused any more irritation of the skin than water 

did under similar conditions. 

(b) All the materials are capable of causing narcosis to a greater or less extent; 
33B appears to be the most active in this respect. 

(c) Dosage levels well tolerated were: 2 ml. per kilogram for 33B; 3 ml. per 
kilogram for 50B, and 1 ml. per kilogram for 62B. Higher dosage levels of 
33B and 62B caused slight liver and kidney changes, whereas 50B failed 
to cause such changes. 

5. Dipropylene glycol methyl ether when patch-tested on 250 human subjects 

by accepted techniques produced no evidence of irritation or sensitization of the skin. 

6. The toxic effects of single exposures to the vapor of 33B observed in experi- 
mental animals were marked depression of the central nervous system and occa- 
sionally eye, nose, and lung irritation. In the case of 50B, only mild, transitory 
narcosis was observed in rats that received a seven-hour exposure to an atmos- 
phere saturated with the material. 

7. When animals were subjected to repeated seven-hour exposures to 33B 
vapor, five days a week, for approximately six months, guinea pigs tolerated 3,000 
ppm, rats tolerated 1,500 ppm, and monkeys and rabbits tolerated 800 ppm without 
adverse effects. Similar exposures to an atmosphere essentially saturated with 
50B vapor (300 to 400 ppm) produced only slight ill effects in rats, guinea pigs, 
monkeys, and rabbits. Toxicological effects from repeated vapor exposures to 
either 33B or 50B were narcosis and minor injuries to the lungs and liver. The 


materials have a marked capacity for producing narcosis but only a very slight 
capacity for producing organic injury. 


CONCLUSIONS 
It is concluded that the monopropylene, dipropylene, and tripropylene glycol 
monomethyl ethers (Dowanols 33B, 50B, and 62B, respectively) present no seri- 
ous health hazards in industrial handling and use. The materials are all low in 
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single dose oral toxicity and are not significantly irritating to the eyes or skin. 
Prolonged, extensive contact of large areas of the skin with 33B and 62B probably 
should be avoided, but 50B is believed suitable for uses involving prolonged and 
repeated contact with appreciable areas of the skin. Vapor concentrations of these 
materials which are not disagreeable to human subjects are believed to be safe for 
prolonged and repeated inhalation. 
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PROBLEM DRINKING IN INDUSTRY 


THOMAS H. HOGSHEAD, M.D. 
WILMINGTON, DEL. 


NDUSTRY once considered it good business to discharge the unhealthy 

employee. Length of service or the type of affliction made little difference. Such 
a concept of the expendability of the employee was not unlike the extravagant abuse 
of our national resources which has resulted in such staggering losses. 

However, it was soon recognized that industry’s most valuable asset is the 
employee. An employee’s breakdown can tie up production and increase costs just 
as much as the breakdown of a machine. A man working below par mentally or 
physically can be more costly than a machine running at reduced capacity. 

In the du Pont company, it is estimated that $2,000 goes into the training of a 
chemical or textile machine operator, $5,000 into the training of a supervisor, 
$25,000 per year in maintaining a research chemist who comes already trained, 
and no doubt the investment in key executives is even higher. These figures speak 
for themselves. 

Formerly, the prevention of human waste was primarily an engineering problem 
involving methods and machines. The du Pont engineering safety program, how- 
ever, has gone much further and over the past 10 years has saved 650 lives and has 
prevented 10 to 20 times that number of major accidents by emphasizing the 
“human” factor in safety. These figures have been arrived at by comparison with 
the accident-frequency rate in the construction industry generally in the United 
States. 

The safety program for this 10-year period has cost some $8,000,000. An esti- 
mated $54,000,000 has been saved. The saving in human life and suffering cannot 
be measured, 

The application of physical methods to the control of safety has proved much 
vasier than application of techniques for the control of the “human” element. An 
effective approach in our educational and training program has been by way of 


audio-visual and publicity techniques. The right way and wrong way, the safe way 


and unsafe way of doing a job are the subjects of intensive, often daily training. 
However, safety must be continually kept before the employee, day after day and 
year after year, in what is likely a never-ending process if our very low accident- 
frequency rate is to be maintained. As a result, employment with du Pont provides 
greater safety than being in one’s home. 

Only in recent years have health programs been accepted as good business by 
industry, However, even now some segments of industry have no qualms in releasing 
certain of the unfit into the community, often without arranging for proper treat- 
ment. In such instances, both industry and the community suffer. For instance, until 
recently the alcoholic was simply fired. Industry could not afford to play reformer, 
to rid an employee of his sin, to strengthen his will. 
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Of all the major health problems, problem drinking has been the last to receive 
attention. However, the arrival of Alcoholics Anonymous on the scene in 1935 
spelled the beginning of the end of the ‘dark era.” The light that A. A. shed on the 
subject of alcoholism directly through its recognition and treatment as a disease and 
indirectly through stimulation of the public to accept it as such has opened the way 
for a sensible approach to this disease in medicine, in the social sciences, and even 
in religion. 

Just as du Pont has a program for the preservation of life and limb, so it has a 
program for the problem drinker. Although the average employee spends less than 
one-quarter of his time on the job, his work has a significance for him out of all 
proportion to the time element. The opportunity that industry affords for the satis- 
faction of an employee’s basic needs is great. His need for security, for recognition, 
for position, as well as his desire to belong and to be led, are all met on the job. 
Such motivation is of paramount importance in the approach to the problem of 
alcoholism in industry. 

The du Pont program for the problem drinker, including prevention, treatment, 
and rehabilitation, is built around and centered on the Alcoholics Anonymous fel- 
lowship. It is felt that A. A. encompasses the total individual in his total life setting 
more completely than any other program. 

During World War II many functional nervous disorders were more effectively 
treated in the front lines than by evacuation to rear base facilities. Perhaps one 
explanation of the success of such treatment may be the vitalizing effect, the feeling 
of courage and pride that one gets by staying in the fight and not retreating. The 
opportunity that association with A. A. affords an employee to remain in society 
and continue in his employment, often without hospitalization, offers somewhat the 
same advantages as the “front-line” treatment in the military services. 

In any group, a small percentage of individuals cause the majority of accidents, 
The common denominator here has been called “accident proneness.” This has been 
defined as a defect in the personality structure similar to tone deafness or color 
blindness. It has also been described as a compulsion, driving a person to an accident 
much as a pyromaniac is driven to fire-setting or a kleptomaniac to stealing. 

In any group, likewise, there is a small percentage of individuals who produce 
the majority of the alcoholic problems. Can they be termed “alcohol prone”? Are 
they related to the “accident prone”? In the vagueness with which both have been 
approached and defined, there are similarities. 

“Culling out” the so-called “accident prone” only opens the way for others to 
take their places. For instance, a study by the Philadelphia Electric Company 
showed that removal of the top 10% of the accident producers resulted in an 
improved accident frequency rate for only the first year. Thereafter, it began to rise 
and went to a point higher than at the beginning. It can be speculated that a “‘cull- 
ing out” from any group of the known problem drinkers would result in much the 
same situation with our “problem-drinking-frequency rate,” which, incidentally, 
is no higher than in other industries and considerably lower than in the population 
at large. 

The du Pont program for the problem drinker utilizes many techniques of the 
safety program. In association with Alcoholics Anonymous it is assisted by an 
understanding and energetic company policy. However, the company in no way 
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attempts to influence A. A. policy, and there are no groups within the company. 
The value of having a group of A. A. near each of our plants was first recognized 
10 years ago in Wilmington. At present, most of the plant locations have such 
facilities nearby. It is said that A. A. takes our problem drinkers and returns them 
as healthy, efficient employees. 

Not long ago, one of the most widely circulated company magazines carried a 
picture story of just what is happening to our alcoholic employees before, during, 
and after recovery. The executive came in for the same recognition as the craftsman. 
Anonymity was maintained throughout. The story was enthusiastically received. 
Thousands of reprints have been sent, upon request, to organizations and A. A. 
groups in this country and abroad. 


Such publicity has been well received and has greatly assisted our educational 
program. The fact that alcoholism or problem drinking is accepted as a disease by 
a company so scientific as du Pont and treated as any other illness by our Medical 
Division has opened the way for the rehabilitation of hundreds of employees. 


Du Pont agrees with the Alcoholics Anonymous definition of an alecoholic— 
namely, a person whose life has become unmanageable to any degree because of the 
use of alcohol. 

Our yardstick, however, is performance. When repeated and continued over- 
indulgence in alcohol results in poor work performance, the employee must be 
considered a problem drinker until proved otherwise. 

At one of our recent Wilmington A, A, anniversary banquets there were present 
our chairman of the board, a vice-president, and 10 general managers (1 should 
like to mention here that none of these men were alcoholics). Such interest by top 
management has given the program momentum, 

Du Pont medical facilities, as well as many community facilities, are utilized to 
the fullest in attacking the problem but always with active association in A. A. as 
the immediate goal. Cases requiring hospitalization are referred to institutions which 
understand the du Pont program. Those arising in plants outside the Wilmington 
area are directed to du Pont-approved institutions in their localities. 

There are five full-time physicians in the du Pont company, who are members 
of A. A., and who assist greatly with our educational program in their respective 
plants and communities, particularly by pointing out that alcoholism is a disease and 
can be treated. Incidentally, none of these men are paid specifically for their work 
in the field of problem drinking. 

In the central offices there are two full-time psychiatrists, who are alert to the 
problem of alcoholism in their routine work, Not infrequently an employee referred 
to them because of evasion of responsibility, poor work performance, and social 
“weakening” is found to have a drinking problem, often in the early stages of the 
disease. They agree that, to be effective, treatment must be aimed at bringing about 
responsible, socially acceptable behavior; that lasting changes in the underlying 
emotional state of the patient cannot be brought about while the alcoholic or other 
psychiatric patient continues to act irresponsibly. 

Only those alcoholics who have stopped drinking are accepted for treatment in 
our psychiatric section, A, A. is recommended, but it is made clear that the patient 
himself must accept or reject the responsibility for the decision to follow through 
with the A. A. program. 


528 


/ 

‘ 

a 


PROBLEM DRINKING INDUSTRY 


Also in the Wilmington offices there are three laymen members of A. A. who 
devote much of their time and effort to the problem drinker. In communities where 
the company has plants they assist in the establishment of community A. A. groups 
if there are none. They attempt to translate \. A. objectives into du Pont objectives 
by talking before A. A. groups, du Pont management, supervision, and workers. 
By keeping abreast of up-to-date techniques in the field of alcoholism, they assist 
plant personnel and A. A. members in more completely understanding the problem. 

All stages of the disease are represented in our program. Because of our company- 
wide alert, however, more and more cases are being detected and treated in their 
early phases. 

This alert has served to check the disease in a number of ways: Employees who 
drink heavily are becoming increasingly uncomfortable in excusing their poor per- 
formance record. Those with overt problems cannot continue long without recog- 
nition by their supervision and/or fellow workers. Those with hidden problems are 
finding it more difficult to keep their drinking secret. 

The general technique of handling an average case is as follows: When it has 
been determined that an employee is a problem drinker, his immediate superior has 
a talk with him, telling him that he has a medical problem and is being turned over 
to the medical division for a period of three months. There he is carefully examined. 
Considerable time is spent educating him to the fact he has a disease which is inter- 
fering with his business life and his chances for success. When the home life is 
badly disturbed, as it usually is, this too is pointed out. He is told there will be three 
months in which to prove to the medical division the following points: (1) his 
recognition of a drinking problem and (2) his desire to do something about it. At 
the end of three months, the Medical Division will make to his superiors one of the 
following recommendations: 1. He has recognized his problem, is taking it seriously, 
and in all probability will be a good employee as far as his alcoholism is concerned. 
2. He does not recognize his problem, shows little or no interest in rehabilitating 
himself, and therefore is not a good risk and should be terminated. 

We instruct the employee that he may pursue any method of treatment he 
chooses. We do not insist that he join A. A. We do insist, however, that he be 
interviewed by a member of A. A., who explains to him how the organization works, 
what it has done for others, and what it can do for him. We suggest, too, that he 
attend one meeting of A. A. and thereafter it is up to him to choose his own method 
of treatment. He cannot have a leave of absence with pay but can, however, have 
one without pay. 

Our program is successful. An estimated 65% of the cases treated have been 
rehabilitated. This represents some 350 over a 10-year period. The total cost of the 
program is estimated at less than $100,000. The total gains cannot be measured. 


Medical Division, E. I. du Pont de Nemours & Co., Inc. 
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THRESHOLD LIMIT VALUES FOR 1954 


Adopted at the Sixteenth Annual Meeting of the American Conference of 
Governmental Industrial Hygienists, Chicago, April 24-27, 1954 


_ erneay are given in the following tabulation for the maximum average atmos- 
pheric concentration of contaminants to which workers may be exposed for 
an eight-hour working day without injury to health. 

These values are based on the best available information from industrial experi- 
ence, from experimental studies, and, when possible, from a combination of the 
two. They are not fixed values but are reviewed annually by the Committee on 
Threshold Limits for changes, revisions, or additions as further information becomes 
available. Threshold limits should be used as guides in the control of health hazards 
and should not be regarded as fine lines between safe and dangerous concentrations. 
They represent conditions only within which it is felt that workers may be repeatedly 
exposed, day after day, without their health being adversely affected. It is felt, at 
the present time, that workers should not be exposed to a working environment 
containing any of these substances in excess of the value indicated. 

These values are not intended for use, or for modification for use, in the evalua- 
tion or control of community air pollution or air pollution nuisances. 


ESTABLISHED VALUES 
GASES AND VAPORS 


SUBSTANCE PPM* SUBSTANCE ppM* 
Acetaldehyde 200 Butyl alcohol (n-butanol) 100 
Acetic acid Butyl cellosolve (2-butoxyethanol) 200 
Acetone Carbon disulfide 20 
Acrolein 100 
Acrylonitrile 25 
Ammonia Cellosolve (2-ethoxyethanol ) 
Amy! acetate Cellosolve acetate (hydroxyethyl 
Amyl alcohol (isoamyl alcohol)... acetate ) 

Aniline Chlorine 

Arsine 05 Chlorobenzene (monochloro- 
Benzene (benzol) benzene ) 

Bromine Chloroform (trichloromethane ) 
Butadiene (1,3-butadiene ) 1-Chloro-1-nitropropane 

Butanone (methyl ethyl ketone)... 250 Chloroprene (2-chlorobutadiene) .. 
Butyl acetate (n-butyl acetate).... 200 Cresol (all isomers) 


* Parts of vapor or gas per million parts of air, by volume. 
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SUBSTANCE 


Cyclohexane 


Cyclohexanol 


Cyclohexanone 


Cyclohexene 


Cyclopropane 


o-Dichlorobenzene 


1,1-Dichloroethane 


1,2-Dichloroethylene 


Dichloroethyl ether .............. 
Dichloromonofluoromethane ...... 
1,1-Dichloro-1-nitroethane ........ 
Dichlorotetrafluoroethane ........ 
Dimethylaniline ( N-dimethyl- 
Dimethylsulfate ................. 
Dioxan (diethylene dioxide)... ... 
Ethyl alcohol (ethanol).......... 
Ethylene chlorohydrin ........... 
Ethylene dibromide (1,2-dibro- 
Ethylene dichloride (1,2-dichloro- 
Fluorotrichloromethane .......... 
Heptane (n-heptane) ............ 
Hexane (n-hexane) ............. 
Hexanone (methyl butyl ketone) .. 
Hexone (methyl isobutyl ketone). . 
Hydrogen chloride ............... 


Hydrogen cyanide 


Hydrogen fluoride 


Hydrogen selenide 


Hydrogen sulfide 


Iodine 


VALUES 


PPM* 


FOR 1954 


SUBSTANCE 


Isophorone 


Methyl alcohol (methanol)....... 200 
Methyl! bromide ............ 20 


Methyl cellosolve (methoxy- 
ethanol ) 


Methyl cellosolve acetate 
(ethylene glycol monomethyl 


Methylal (dimethoxymethane ) 1,000 
Methy! chloroform (1,1,1- 

trichloroethane) .............-. 500 
Methylcyclohexane 500 
Methylcyclohexanol .............. 100 
Methyleyclohexanone ............ 100 
Methylene chloride (dichloro- 

Naphtha (coal tar) 200 
Naphtha (petroleum) ........... 500 
Nitrogen dioxide 5 
0.1 


Pentanone (methyl propyl ketone) 200 
Perchlorethylene (tetrachloro- 


Phosgene (carbonyl chloride)..... 1 
0.05 
Phosphorus trichloride ........... 0.5 
Prone! 200 


Propyl alcohol (isopropyl alcohol) 400 
Propyl ether (isopropyl ether).... 500 
Propylene dichloride (1,2-dichloro- 
propane ) 
Stibine 


Stoddard solvent 


Dichlorodifluoromethane ......... 1,000 25 

15 
1,000 

10 

1,000 

25 
5 
1 

100 

400 
1,000 

25 2 

200 
200 
1,000 

400 4 

100 

100 

5 
25 

100 

100 : 
0.1 

5 
500 4 
500 
500 
100 
100 
5 
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SUBSTANCE SUBSTANCE 
Styrene monomer (phenyl 
ethylene ) 


9-Toluidine 

Trichloroethylene 
Sulfur monochloride Turpentine 
Sulfur dioxide Vinyl chloride (chloroethene) 


1,1,2,2-T etrachloroethane Xylene 


Toluene 


TOXIC DUSTS, FUMES, AND MISTS 


MG. PER 
SUBSTANCE SUBSTANCE 


Antimony Pentachloronaphthalene 
Arsenic Pentachlorophenol 
Barium (soluble compounds ) Phosphorus (yellow) 


Cadmium Phosphorus pentachloride 


Chlorodiphenyl Phosphorus pentasulfide 
Chromic acid and Chromates as CrO;.. 0.1 Selenium compounds (as Se) 
Dinitrotoluene Tellurium 
Tetryl (2,4,6-trinitrophenyl- 
methylnitramine ) 
Trichloronaphthalene 
Trinitrotoluene 
Magnesium oxide fume c Uranium (soluble compounds ) 
Manganese Uranium (insoluble compounds ) 
Mercury Zine oxide fumes 
Parathion (O,O0-Diethyl-O-p- 
nitrophenyl thiophosphate ) 


+ Milligrams of dust, fume, or mist per cubic meter of air. 


MINERAL DUSTS 


SUBSTANCE MpPCFt SUBSTANCE 


Alundum (aluminum oxide)............ 50 Silica 


Asbestos high (above 50% free SiO.) 
medium (5 to 50% free SiOz) 
low (below 5% free SiO:)...... 
Dust (nuisance, no free silica).......... 50 Slate (below 5% free SiOQz)...... 
Mica (below 5% free silica) 


PPM* 

200 
100 
500 
200 


MG, PER 


Mppcrt 


50 


Soapstone (below 5% free SiO:)........ 20 


Total dust (below 5% free SiOz)........ 50 


t Millions of particles per cubic foot of air. 


TENTATIVE THRESHOLD LIMIT VALUES 
Allyl alcohol (ppm) 
Allyl propyl disulfide (ppm) 
Benzyl chloride (ppm) 
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Diacetone alcohol (4-hydroxy-4-methyl pentanone-2) (ppm) 


Diisobutyl ketone (ppm) 


Mercaptans (ppm) 


Methyl isobutyl carbinol (methyl amyl alcohol) (ppm).................00- 25 


Pesticides (mg per cu. m.*) 


Organic Phosphates 


Parathion (O,O-diethyl O-p-nitrophenyl thiophosphate).......... 0.1 
TEDP (tetraethyl dithiono pyrophosphate) 0.2 
EPN (ethyl-p-nitropheny! thiono benzene phosphonate)............ 0.5 


Malathon (O,O-dimethyl dithio phosphate of diethyl 
mercaptosuccinate ) 


Chlorinated Hydrocarbons 


DDT (2,2-bis- (p-chloropheny]) -1,1,1-trichlorethane) ........... 2.0 
Chlordane (1,2,4,5,6,7,8,8-octachloro-3a, 4, 7, 7a-tetrahydro- 


Aldrin (1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a- 

hexahydro-1,4,5,8-dimethanonaphthalene) 0.25 
Dieldrin (1,2,3,4,10,10-hexachloro-6,7, epoxy-1,4, 

4a,5,6,7,8,8a-octahydro-1,4,5,8-dimethanonaphthalene) ........... 0.25 


Methoxychlor ) 
Inorganic Compounds 


Calcium arsenate ......... 


Organic Herbicides 


2,4-D (2,4-dichlorophenoxyacetic acid) 


Ammate (ammonium amidosulfate) 


Crag Herbicide (sodium-2,4,dichlorophenoxy ethyl sulfate) 


................ 50 

| 
15.0 
| 
e.......... 
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Vanadium (mg. per cu. m.) 
(V:Os dust) 
fume) 


Ferro vanadium dust 


Reference material has been prepared on each of the above substances and, 
though in some instances rather meager, is available for distribution. The committee 
would welcome suggestions of substances to be added and also comments, additional 
references, or reports of experience with these materials. 


L. Bai 

L. T. FarrHALL 

KINGSLEY Kay 

H. SToKINGER 

A. J. Vorwatp 

Louis F. WELLER 

ALLAN L. CoLeMAN, Chairman 
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News and Comment 


LONGEVITY IN THE UNITED STATES 


Average length of life in the United States has reached a record high of 681% years, a gain 
of nearly 4 years in the past decade, according to vital statistics compiled by the Public Health 
Service of the Department of Health, Education, and Welfare. The figures are based on death 
rates prevailing in 1951 and are contained in life tables published in May, 1954, 

Women on the average live longer, outliving men by six years. The average lifetime 
expected for women at birth is 71.8 years, while the average for men is 65.9 years. This differ- 
ence in the life expectancies of men and women has increased sharply since 1900, when females 
outlived males by an average of only two years. 

White women at birth have a life expectancy of 72.6 years, compared with 66.6 years for white 
men. Nonwhite groups have a shorter average life—59.4 years for nonwhite men and 63.7 years 
for nonwhite women, Although white persons outlive nonwhites by an average of 8 years, the 
difference between the two groups has narrowed since 1900, when white persons lived about 15 
years longer than nonwhites. 

Average length of life in 1951 generally showed little change from 1950. The 1951 figures 
are subject to small adjustments when detailed life tables for 1949-1951 become available. 
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Books 


Living with a Disability. By Howard A. Rusk, M.D., and Eugene J. Taylor in collobora- 
tion with Muriel Zimmerman and Julia Judson. Price, $3.50. Pp., 207, with 282 illustra- 
tions. The Blakiston Co., 575 Madison Ave., New York 22, 1953. 


The authors state, “The intention of this book . .. is to make available knowledge of 
existing inventions and discoveries which may help disabled persons find something from which 
they can derive greater independence, efficiency, happiness and comfort.” By means of 282 
photographs and diagrams, with accompanying text describing a wide variety of devices and 
procedures, the authors’ aim has been well achieved. 

This book does not deal in detail with the problems of enabling the disabled industrial 
worker to perform better specific on-the-job operations. Nevertheless, some of the devices 
described may be of considerable value in a limited number of industrial situations. The industrial 
physician, however, may primarily want to know of this book so that he can recommend it as 
valuable reading to those workers who have suffered disability and who are now trying to make 
the best possible adjustment in their total day-to-day activities. 


KenNeEtTH A. Nessitt, M.D., Boston. 


Rehabilitation of the Physically Handicapped. By Henry H. Kessler. Price, $4.00. 
Pp., 275. Columbia University Press, 2960 Broadway, New York 27, 1953. 


This book dealing with the restoration of the physically handicapped, including the crippled 
child, injured worker, disabled veteran, and chronic disabled, is one of the most authoritative 
treatises ever published on this subject. The discussion on the principles of rehabilitation, 
including complete, competent medical care, need for continual supervised treatment, and need 
for special rehabilitation centers, vocational guidance and training, and job placement, should 
establish once and for all the true concept of rehabilitation. This book should do much to dispel 
the confusion of thought that still exists today concerning this broad field. Few people can 
speak on this subject with the authority of Dr. Kessler. An orthopedic surgeon, he has 
pioneered in this field since World War I. He has been a potent force in the development of 
rehabilitation, and through bitter experience he has learned of the problems of the disabled and 
the forces that operate to prevent their restoration. One may find fault with some of the data 
and statistics, but little else in the book can be challenged. Perhaps the greatest contribution 
pertains to the changes needed in our Federal and state laws to make rehabilitation available to 
all. The criticisms of the Workmen’s Compensation System present a true picture of the 
deficiencies of this system, and the changes recommended are to the point. This book should 
be read by all who are interested in the restoration of the physically handicapped. 


A. P. ArtKEN, Boston. 


Toxic Hazards of Certain Pesticides to Man. By J. M. Barnes. Price, $1.50. Pp., 129. 
World Health Organization, Geneva, Switzerland, 1953. 


This monograph seems to aim at a rather general audience, perhaps so general as to be non- 
existent. A considerable portion is devoted to some of the concepts involved in the justification 
for and proper usage of insecticides. An international flavor is maintained, although California’s 
experience is drawn upon heavily. Thus, more than half of the book is not particularly pertinent to 
the medical aspects of intoxication by pesticides, although descriptions of practical applications 
may be of great value to the beginner. 

The point is well made that the area of maximum hazard of acute intoxication of men lies 
in the formulation of proprietary poison mixtures from the pure chemical supplied by the manu- 
facturer. 

The detailed description of the toxic actions of pesticides in man is, of course, limited by the 
case reports available in the literature or otherwise, as little experimental data have been obtained. 
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The author has wisely chosen to regard data obtained from man as supervening in value that 
obtained from laboratory animals, particularly as regards the lack of hazard involved in a 
proper field use of many insecticidal agents. Inordinate claims for chronic or acute poisoning in 
men are quenched with the statement: “Thousands of field workers who have handled vast 
quantities of these compounds (i. e., D.D.T.) for several years in malaria control work are 
apparently not susceptible to this type of intoxication.” A section abstracting the rules of various 
countries with regard to the labeling or control of agricultural pesticides is included, and there 
is a glossary of proper names of insecticides and their chemical names. 

Rodent control materials and space fumigants are not discussed, although a large number of 
key references appear in the extensive bibliography. The bibliography is very valuable, although 
not complete. It contains references in foreign journals of local interest which are available in 
this country only in exceptional libraries, but it is presumably necessary in an international 
publication to include references in as many languages as possible. 

The book should be of value to all persons interested in pest-control chemicals, although it is 
perhaps too diffuse to be of interest to a practicing physician unless he is in one of the most 
heavily agricultural areas. It is to be regretted that the 47 pages occupied by a discussion of the 
technique of insecticidal application could not have been condensed in favor of a more exhaustive 
discussion of the actual biological effects of insecticides and other pesticides on man. 


Maynarp B. Cuenowetnu, Midland, Mich. 


Physical Medicine and Rehabilitation. Edited by Basil Kiernander. Price, $12.75. 


Pp., 
610. Charles C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, IL, 1953. 


This text is intended for the use of the general practitioner so that he may utilize physical 
medicine rehabilitation procedures to good advantage in his practice. As so great a part of 
physical medicine is directed toward alleviating disorders of the locomotor system, the basic 
anatomy and physiology of the neuromuscular apparatus are described in detail as essential 
background material. 

Clinical applications in relation to special conditions, such as arthritis, hemiplegia, industrial 
accidents, etc., are described by 26 different authors. This results in some duplication of 
description of techniques but at the same time makes each chapter more useful for reference 
purposes. 

The chief criticism of the book, as relates to its use by the general practitioner or surgeon, is 
the tendency of some of the authors to describe too many methods of treatment, some of doubtful 
benefit. Some editorial comment or conclusions as to relative value would be very valuable in 
future editions. 


In general, this is a very useful book for the clinician, also for students of medicine and 
physical therapists. 


Artuur L. Watkins, M.D., Boston. 


Occupational Disease Reporting: Review of Current Practices Together with Collec- 
tion of Incidence Statistics, Public Health Service Publication 288. By Victoria M. 
Trasko. Price, 40 cents. Pp., 80. Superintendent of Documents, United States Government 
Printing Office, Washington 25, D. C., 1953. 


This bulletin contains an analysis of current reporting practices and available data which can 
be used to determine the incidence of occupational disease in the United States. 

There are two broad types of schemes for the reporting of occupational disease. The first is 
the compulsory reporting of occupational diseases by practicing physicians and institutions to 
state and local authorities or, at times, labor authorities. The second is reporting for compensation 
purposes through the filing with Workmen’s Compensation authorities of employers’ reports of 
work injuries and of claims for disability due to accidents and diseases. 

As of July, 1953, 28 states had legislation requiring compulsory reporting by physicians. Ten 
of these have adopted regulations through their health departments, while the other 18 have 
statutory provisions making the reporting of occupational disease mandatory. There is no 
standardization among the states as to what constitutes a reportable disease, and there is no 
uniformity as to who receives these reports. Reporting forms vary from state to state and very 
often do not give such vital information as the name and address of the plant involved. This 
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method has proved to be very ineffective for numerous reasons, including difficulty in diagnosing 
occupational diseases by practicing physicians and consequent failure to recognize them, ignorance 
of the law on the part of the physician, differences in definition of and criteria for determining 
occupational disease, failure to enforce the laws due to understaffing of and cost to state 
agencies, and belief of many physicians that reporting occupational disease violates the confidence 
of the physician-patient-employer relationship. 

The second type of reporting of occupational disease is through Workmen’s Compensation 
statistics As of July, 1953, 46 states, the District of Columbia, Alaska, Hawaii, and Puerto Rico 
all compensated for one or more occupational diseases. Much of these data are not always uni- 
form or understandable, and actual statistical information is available from only 24 of the 46 
states. There are many variations in the presentation of compensation statistics among the 
states, These may be due to variations within the laws themselves and their administration, to 
lack of uniform language, or to the manner and type of individual report tabulated. Other 
difficulties encountered in the use of compensation statistics arise from the fact that any disease 
may be alleged occupational for compensation purposes. Also, physicians are liable to make errors 
in their diagnoses, and some companies will pay compensation rather than argue about it. 

During 1950 and 1951 the Division of Occupational Health carried out a pilot study on 
occupational disease reporting primarily to determine the possibility of developing a national 
system of reporting. The divisions of industrial health of 11 state health departments sent to the 
Public Health Service reports of all occupational diseases coming to their attention during these 
two years. A special simple form was used, asking only for age, sex, occupation of employee, 
name of employer and type of industry, diagnosis, date of onset, and cause of disease. There was 
no check made for missing or incomplete data. 

A total of 9,058 reports were received, 77% being referral from compensation agencies, 20% 
from physicians, and 3% from other sources, such 4 investigations of industrial hazards and 
x-ray surveys. Although reporting by physicians is compulsory in six of the states, Michigan 
and Connecticut were the only ones that reported mainly from this source. Omissions, inac- 
curacies, and incompleted items were exceedingly common. Physicians’ reports were weak on 
etiology and employers’ reports on the nature of the disease. Skin diseases accounted for about 
75% of the reports received. Systematic effects due to chemical agents and dust diseases of the 
lungs and disorders due to physical conditions were all about 6 to 7%. 

The pilot study showed that, while some information can be obtained from state health 
departments, the establishment of a national reporting system based on this method is impractical. 
It would require too much work on the part of understaffed and underfinanced industrial hygiene 
departments, and it would be to a large extent duplicating the work of the compensation agencies. 
A better approach would be the standardization of statistical procedures and improvement of the 
quality of reporting. 

With full realization of the failings of the present information, the Division of Occupational 
Health attempted to collect and analyze all the available data. A 12-month period was used 
but was not the same in all the groups. The pilot-study data covered 1951, while the published and 
unpublished compensation data for 17 other states and Federal employees covered a year ranging 
from 1949 to 1951. There were a total of 43,307 cases of alleged or suspected occupational dis- 
eases. Skin diseases contributed about 54% of the total number of cases, while disorders due to 
physical conditions were about 10% and systematic effects due to chemical agents and dust 
diseases of lungs were about 5%. It was felt that, although prevalence played a part in the 
difference in number and kind of diseases reported from state to state, the most important factors 
were variations in the compensation laws and the technicalities in processing the data. 

The author concludes that in addition to technical problems, such as the need for a standard 
categorical classification of occupational diseases, there are broader problems which will require 
joint action. She recommends the establishment of a standard acceptable definition of an occupa- 
tional disease and suggests that the practices of reporting occupational diseases be reevaluated. 
In addition, she would like to see physicians in general practice become better acquainted with 
occupational diseases, improvement in the quality of reports, and possibly the establishment of a 


national reporting system. Panes 


CAROLINE Ritcuie, Boston. 
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. For good health and personal cleanliness insist on 
the skin cleansers listed below in public, commercial 
and industrial washrooms. 


They are tried and true, and excellent cleansers. 
SOAPERIOR liquid toilet soap with added MELLISOL 
plus new compatible lanolin. 


U. S. MECHANICS Hand Powder with added 
MELLISOL plus new compatible lanolin for industrial 
workers. 


Manufactured by 


U. S. SANITARY SPECIALTIES CORP. 


1001 S. CALIFORNIA AVENUE, CHICAGO 12, ILL. 
BRANCH WAREHOUSES IN NEW YORK CITY AND DALLAS 
Offices in principal cities and at Montreal, Canada 


(consult your telephone directory) 


this Coupon 


FOR YOUR FREE COPY OF 


ighttoot | 4 


ANSWERS TO THE 
ABOUT SOAP 
BUYING 


- + «mo commercials — no sales chatter 
but o wealth of informative data that should prove 
invaluable to you and your company throughout 
the future. 


380 MADISON AVE. NEW YORK 17, N. Y. 
Send your free Question and Answer Soap Date 


y State. 


| When a poisonous snake strikes, suction must be applied tm- 
mediately. Venom must be prevented from spreading through 
the body. The new, improved Saunders’ Snake Bite Kit provides 


increased as desired. 
victim 
| for emergency first aid: 


| iodine 


LIGHTFOOT SCHULTZ COMPANY | 


sassascssessereMiassse _ Rockford, Illinois - In Canada, it’s Safety Supply Co. 


first aid for 


snake bite 


...the new and improved 
Saunders’ Snake Bite Kit, 
exclusive with (i), ... 


instant first aid with the right kind of suction—controlled and 
by the 


provides everything needed 


Easily and quickly administered, 
Kit 


tourniquet, 


alone if necessary 


ammonia inhalants, 


= 


lancet, 
Saunders’ 
Write for data. 


swabs, adhesive bandages, venom- 


suction pump with two adapters. 


pronounced EM-ESS-CO 
| Medical Company 


* Patented 
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For those 

who are hesitating 

on the 

threshold of engagement 


or approaching marriage 


THE AGE OF ROMANCE 


by Thurman B. Rice, M.D. 

draining for a happy home life . . paths to un- 
popularity . . planning for parenthood . . the 
ideal honeymoon . . making a happy home. 

43 pages, 25 cents 


GETTING READY FOR MARRIED LIFE 


by Howard Dittrick, M.D. 

For the engaged person who has begun to 
seriously consider the responsibilities of mar- 
riage . . from personal problems to venereal 
diseases. 

28 pages, 20 cents 


THE WORD YOU CAN'T SAY 


by Hannah Lees 

Emotional and physical causes of masturbation 
in relation to family, friends, normalcy and 
worry. 

8 pages, 15 cents 


MORE HELP FOR THE CHILDLESS COUPLE 


by Joseph D. Wassersug 

Two case histories to help convey information 
on “new techniques,” organic and psychologic 
blocks to conception, and sterility. 

8 pages, 15 cents 


1 +++ for elders concerned with the instruction of the young people 


THOSE FIRST SEX QUESTIONS 


by Thurman B. Rice, M.D. 

How to acquaint the curious pre-adolescent with 
the delicate subject of reproduction in a truth- 
ful and wholesome manner. 

43 pages, 25 cents 


FACTS ABOUT SEX 


by Audrey McKeever 

Questions and answers about sex for the six, 
ten and thirteen year old. Complete with dia- 
grams of sexual organs and the birth of a baby. 
16 pages, 20 cents 


HOW LIFE GOES ON 


by Thurman B. Rice, M.D. 

To help teenage girls prepare for their careers 
of motherhood .. . progressing through dates, 
engagement and marriage. 

44 pages, 25 cents 


THESE PAMPHLETS OFFER HELP IN THE CHALLENGE OF 
ADJUSTING TO THE SEXUAL SIDE OF LIFE 


BUREAU OF HEALTH EDUCATION 
AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN : CHICAGO 10 


Enclosed find $ for the pamphlet(s) checked at 
the side. 


NAME 


() THE AGE OF ROMANCE, 25 CENTS 

() GETTING READY FOR MARRIED LIFE, 20 CENTS 

() THE WORD YOU CAN'T SAY, 15 CENTS 

() MORE HELP FOR THE CHILDLESS COUPLE, 15 CENTS 
() Facts asouT Sex, 20 CENTS 

(C THOSE FIRST SEX QUESTIONS, 25 CENTS 

() HOW LIFE GOES ON, 25 CENTS 


( A.M.A, PUBLICATIONS ABOUT YOUR HEALTH, FREE 


A COMPLETE CATALOGUE OF PUBLICATIONS ABOUT YOUR HEALTH WILL BE SENT TO YOU UPON REQUEST 
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MEAD HOME TREATMENT STIMULATOR 


A Generator of interrupted direct current designed for use by patients who require prolonged treat- 
ment of temporarily paralyzed muscles. 


Provides Treatment: 


|] WITHOUT LOSS OF WORK 


UNDER MEDICAL SUPERVI- TIME 

a ~~) AT LOW COST TO PATIENT SAFETY OF OPERATION 


Stimulators also available on a rental basis 


ST. LOUIS INSTRUMENT ENGINEERING, INC. 


1507 S. COMPTON AVENUE ST. LOUIS 4, MO. 


RESULTS COUNT!...1: Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


(Athlete's Foot) 


Desenex: 


: , Ointment and powder of ZINCUNDECATE 


os Solution of UNDECYLENIC ACID 
W T Pharmaceutical Division Cures average case in one to three weeks 
h WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


CALLING ALL PARENTS 
A delightful booklet where babies do the talking 
through pictures and captions. 

36 pages, 25 cents 


WHAT TO DO ABOUT THUMB SUCKING 


An explanation of this habit telling when it becomes 
dangerous and how to correet it. 


by William Fishbein, 8 pages, 15 cents 


BAD HABITS IN GOOD BABIES 
Including sleep disturbances, eating problems, stub- 
bornness, bladder control . . . 

by H. M. Jahr, 16 pages, 20 cents 


CASE OF THE CRYING BABY 


Infants don't cry aimlessly! This pamphlet tells 
helpful what constitutes beneficial crying and how to correct 


harmful crying 


by H. M. Jahr, 4 pages, 10 cents 


a 


pamphlets 
for baffled parents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN ° CHICAGO 10 
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M:S:A—CASELLA 
instruments for 


accurate, fast 


dust 


investigation 


M:S-A —Casella Thermal Precipitator 


A high accuracy dust sampler for all kinds of 
airborne particles, but mainly for dust clouds, 
organic or inorganic, which may be of high or 
low concentrations. Ideal for use in normal 


atmospheric pollution in open air, and for an efhciency approaching 100%, for larger part- 


dusts produced by various industrial processes. 
Efficiency rating particles from Su down to 
the smallest opucally visable are deposited with 


cles up to 10u efficiency is a little less. Unit 
can be strapped to worker, or supported on 
light telescopic tripod for fixed sampling. Cat. 


No. CT-34806. 


M:S:‘A —Casella Settlement Dust Counter 


By enclosing a volume of air 
and allowing dust from a 
known column to settle on 
to cover glasses, variables such 
as turbulence, air movement, 
air temperature, etc., are elimi- 


nated. This unit permits true 
counts of the number of dust 
parucles or airborne bacteria, 
coarse or fine. Cat. No. 
CT-34805. 


M’S‘A—Casella 
Jet Dust Counter 


M:S‘A—Casella 
Cascade impactor 


Employs “impaction” 
principle which enables 
sampling of aerosols 
composed of liquid 
drops as well as dusts. 
Grades automatically 
into 4 size groups. Cat. 
No. CT-34232. 


Hand-held instru- 
ment, permits snap 
samples of all kinds 
of dusts without 
interruption of 
process under in- 
vestigation. Cat. 


No. CT-34804. 


MINE SAFETY APPLIANCES COMPANY 


201 North Braddock Avenue 


Pittsburgh 8, Pa. 
Coll the M-S:A- man on your every safety problem 76 Branch Offices in the United States 
... his job is tu help you. 
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SAFETY EQUIPMENT HEADQUARTERS \ 


